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© Marvel Studios 


‘As technology has improved, 


virtual creations In film have 


become more believable’ 


Special Effects, page 24 
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Charli Dave 
Production Editor-in-Chief 
Editor Reading the 
If you think sharks extreme science 
are just mindless article made me 
man-eaters then very grateful for 
think again. my nice, safe desk 
Immerse yourself job! It’s quite 
in page 12 to find amazing what 
out why these people will go 
prehistoric through for the 
predators need sake of research 
our help. and knowledge. 


Meet the team... 





Jack 
Senior 
Staff Writer 
I’ve always 
thought of myself 
as a real-life 
Nathan Drake, so | 
enjoyed exploring 
the world’s lost 
cities. Journey to 
some uncharted 
civilisations on 
page /4! 


James 
Research Editor 
If you’re burning 
with questions 
about our Sun, 
you’ve come to the 
right place. Head 
over to page 7/0 to 
delve inside our 
local star and 
discover the 
incredible power 
that lies within. 





Duncan 
Senior 
Art Editor 
Colonising other 
worlds is totally 
my kind of thing. 
Now all | need to 
do is freeze myself 
for a few hundred 
years in order to 
get there! Find out 
more about life in 
space on page 64. 





Laurie 
Assistant 
Designer 

As a lover of 
Jurassic Park it’s 
fascinating to 
learn how they 
gave the T-Rex its 
scare factor. Learn 
more about the 
clever world of 
special effects on 
page 24! 





If films like Jaws or The 

Shallows left you wary of ever 

setting foot in the sea again, 

you're not alone. Hollywood 

has along history of casting 

these fish as villains to strike 
fear into the audience. Peter Benchley, author of 
the novel that the film was based on, later 
expressed his regret at portraying sharks as 
bloodthirsty killing machines. Benchley had to 
remind people that his book was a work of fiction: 
“Sharks don’t target human beings, and they 
certainly don’t hold grudges”...but admittedly 
that would not have made such a thrilling 
screenplay. This month’s environment feature 
explores the true nature of these fascinating fish. 

What made Jaws so impressive was its use of 

cutting-edge robotic technology to build the 
finned foe. Our tech feature takes you behind the 
scenes with industry experts to find out howall 
manner of special effects are created, from CGI 
magicand Bond car chases to prosthetic make-up 
and animatronic dinosaurs. Enjoy the issue! 


Jackie Snowden 


FOLLOW US... @ How It Works magazine ©@HowltWorksmag clacue Deputy Editor 
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mighty predators are at risk, largely 
due to human activity. Find out how 
you can help on page 12. 


Meet 


Sharks 


How these ocean hunters 
survive, are why they are at risk 


Land habitats 
Honeypot ants 
What is the tree line? 


How do plants 
communicate? 


Special effects 
Find out how the visuals in your 
favourite films are created 


How marbles are made 
Inside the iPhone 7 

The i360 tower 

Heroes of...Ada Lovelace 


Extreme science 

Earth’s most intense research 
environments, from volcanoes to 
the middle of Antarctica 


Chemical bonds 
Thermographs 

Why we get hangovers 
Food preservation 
What causes jaundice? 
Sensitive teeth 


A new age of sail 
Why ship manufacturers are 
returning to wind power for 
eco-friendly ocean travel 


Airplane flaps 


Ella Carter 

This month marine 
biology expert Ella 
explains why sharks get 
such undeserved bad 
press. Even these 
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environments, from the 
inhospitable Antarctic to deep 
underground laboratories. 
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the experts... 


Laura Mears Jo Stass 
Laura goes to the 
ends of the Earth to 
explain why 
scientists work in 


such extreme 


the scenes to bring 
you the secrets of 
special effects. Find 





Dr Strange’s magic, performed 
Spectre’s stunts and built Jurassic 
Park’s life-size T-Rex. 


Jo takes a trip behind 





out how they created 


biomes on page 20. 


Sarah Bankes 
This month, Sarah 
takes us on a tour of 
Earth’s various land 
habitats. From the 
temperate regions’ 
coniferous forests to the equatorial 
deserts, get to know these amazing 


Jack 
Parsons 
: Could cargo ships 
of the future have 
™ Sails? Editor of 
»X Gadget magazine 
Jack takes a look at the tech on 
board the latest generation of 
vessels that use wind power. 
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IPhone 7 
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O6 Global eye 


Amazing science and tech stories 
from around the world 


Brain dump 
The place where we answer your 
most curious questions 


Book reviews 
Check out the latest releases for 
inquisitive minds 


How to... 
Make a compass and build your 
very own a rocket 


Letters 
Our readers have their say on all 
things science and tech 


Fast facts 
Amazing trivia that will blow 
your mind 
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Showcasing the incredible world we live in 


Virgin Galactic spaceplane 
rere ar ikem alecymell(e(smalrelare 


Commercial suborbital journeys are now a step closer after a successful test run 
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The 3 December was a turning point for The success is great news for Virgin Galactic, 

Virgin Galactic’s plans for space who had seen their plans delayed after the VSS 

tourism. Lifting off from California’s Unity’s predecessor, VSS Enterprise, crashed in 
Mojave Air and Space Port, SpaceShipTwo - October 2014, tragically killing the copilot. itl: 
dubbed VSS Unity - and its carrier craft, the test is scheduled Ke) be il 
biesisesecr ene a for a total of one > hour and 





“" Journey to the Be icrogravity 


Now at its highest point, the 


“edge of space | SpaceShipTwo's passengers 


experience weightlessness, 


“Virgin Galactic’ cS planned | floating out of their seats for 
_trajectory to give’ several minutes. 
passengers an experience — 
. that is out of this world 


The climb 

The VSS Unity’s ascent to 110 Descent 

kilometres takes around 90 On the return back down to 
seconds as the craft reaches ’ Earth, the SpaceShipTwo folds 
speeds of 4,000 kilometres | up its tailbooms to ensure a 
per hour using its hybrid = smooth descent. 

rocket motor. 


Lift-off ZA, Gliding to Earth 
WhiteKnightTwo carries the : The final leg of the journey 
SpaceShipTwo - VSS Unity consists of an unpowered 


- to an altitude of around 15 glide as the craft lands safely 
kilometres before separation. back at the spaceport. 


OM abe-sbener-lt-(aule 


WWW.HOWITWORKSDAILY.COM | How It Works | 007 








Without a 
spring, the 
suspension is 
both simpler 
and stronger 
than before. 


When struck 
by an 
explosion, the 
alloy holds out 
against the 
blast, only 
briefly flexing 
out of shape. 


Postimpact, 
the titanium 
alloy can be 
reverted back 
to its original 
shape to allow 
the vehicle to 
keep moving. 





The alloy has passed five explosive 
tests of increasing intensity 
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A city 
owered 
y sewage 


Aarhus is the first city to ee 
power its water with waste = — wad | 


Waste doesn’t have to be 
wasted, and the Danish city of 
Aarhus has hatched a plan to 
have an energy-neutral water service. 
eer Wier co ‘ei h The city’s water treatment plant has 
funding the ExoMars Rover been completely renovated so it can 
now create a 50 per cent surplus of 
electricity. This has been achieved by 
feeding bacteria with wastewater then 
. burning the biogas that’s produced. 
nie ee ne sae ee The extra energy is used to distribute 
over four years fresh water to 200,000 residents, as 
well as being sold back to the power 
grid. Cities that harness the power of 
waste to provide their populations 
with fresh drinking water could be the 
future, and Aarhus itself also wants to 
be completely carbon-neutral by 2030. 






The amount spent online in 
the US on Black Friday 





New viruses discovered ina 
recent study of invertebrates 















ete et) We = a. 

*;=-a¢am Diesel cars to be 
but will reopen in 2018 banned by 2025 

N at Te n aa : Col lege rey E In nine years, four capital cities will 


enforce a complete ban on diesel vehicles 


} 


Cybersecurity to open 


World War II code-breaking centre Bletchley Park is set to reopen 





Paris, Madrid, Athens and Mexico City have all 
yy |} agreed to clean up air pollution by prohibiting 
diesel vehicles. The plan is for all diesel-powered 

Famous for breaking the Nazi's 16-19, all selected based on their coding vehicles to be removed from the roads, and the cities’ 

LU Enigma code, Bletchley Park skills and other similar aptitudes. 40 per populations will be incentivised to use alternative 

could once again help protect cent of the students’ study will be devoted transportation. The clean up movement was motivated 
British shores. It won't be breakingsecret tocybersecurity, while the remainder by results published by the World Health Organization 
codes this time though - instead, the will be based on standard qualifications that linked three million deaths a year to air pollution. 
government’s plan is for a National within the national curriculum. It’s The decision is likely to have a massive impact on car 
College of Cybersecurity. Scheduled to hoped the course will enable people to manufacturers around the world, and will further 
open in 2018, the school will educate (oKear(el (ojo elemaclepUebasroussenUlsmuomelclionelcyicvarel encourage car companies to develop electric and 
around 500 successful applicants aged against growing cybersecurity threats. hydrogen-powered alternatives. 


© BAE Systems; Aarhus Vand; WIKI; Thinkstock 
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Parkinson’s disease could be 
caused by bacteria 


A team from the California Institute of Technology has 
discovered that Parkinson’s - a neurodegenerative disease - 
might begin in the gut rather than the brain. Using mice that had 
been genetically engineered to develop Parkinson’s, the team 
found that sterile mice (those that have no gut bacteria) did not 
develop symptoms of the disease. However, after those mice 
received transplants of intestinal bacteria from human 
Parkinson’s patients, they began to show signs of tremors and 
difficulty moving. This discovery could revolutionise our 
understanding of Parkinson’s and lead to new treatments for 
the debilitating condition that affects one in 500 people. 
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You can suffer 
from nature 
deficit disorder 


Urban life and more time spent indoors 
means that many of us rarely come into 
contact with nature in our daily lives. The fee. een 
term ‘nature deficit disorder’ was coined ER 
by an author in 2005, but it has recently 
become a buzzword for the negative 
effects this alienation from wildlife has 
on our mental health. The Royal 
Horticultural Society recommends that 
any exposure to nature, from a potted 
plant to a walk in a local park, can help 
improve wellbeing. 
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Earth’s mantle 
may contain water 


Water has been detected 1,000 kilometres 
beneath the Earth’s surface, one-third of 


Whales send messages 3 
= the way to the core. By studying a 
with water slaps 90-million-year-old diamond, scientists 


Humpback whales are sometimes spotted making a big discovered that it contained imperfections 
splash by leaping up out of the water, but this isn’t for that indicated the presence of water during 
show. Researchers have found they are more likely to its formation in the lower mantle. There 
perform these surface slaps when other whale groups are may be an ocean’s worth of water in the 
over four kilometres away, suggesting this behaviour is a molten-rock layers of our planet. Its 

form of long-range communication, as the sound of the presence could be the result of subduction, 
body-slam travels through water. These whales also use where two tectonic plates meet and the 
repetitive tail and fin slaps for close-range communication. edge of an oceanic crust slips below 
another plate, sinking into the mantle. 
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Tornadoes are 
becoming 
more extreme 


While the number of tornado events in the 
US is decreasing, outbreaks involving more 
than one twister are increasing 
significantly. These severe storms occur 
when multiple tornadoes form in an area 
over just a few hours or days, and can 
cause widespread destruction. 





Cold plasma helps produce 
fresher fries legs belonged to 


International Space Station research can have some far-reaching Q - 

applications, but who would have thought that plasma ueen Neferta rl 

experiments on the ISS could help eliminate the unpleasant | Among the items found when Egyptologists 

smells from deep-fat frying? Plasma is usually hot ionised gases, | rediscovered Nefertari’s looted tomb in 1904 were 
but it is possible to create this state at room temperature. Not <j] mummified legs. It’s long been assumed they were 


only are these ‘cold plasmas’ antibacterial, antifungal and 
antiviral, they can also help to remove odours from the air by 
breaking down smelly molecules into harmless components. at the time of her death, and she was embalmed using 
The German deep-fat fryer manufacturer Blumchen is looking to | a method from the 19th and 20th dynasties, consistent 
Platypus venom develop a prototype plasma-filter for fryers in the coming year. with what historians know about Nefertari. 


could help to (a 
treat diabetes 


Researchers in Australia have discovered 
that platypuses and echidnas produce a 
hormone in their venom that helps to 
regulate blood glucose levels. These 
monotremes have a modified version of 
the hormone glucagon-like peptide-1 
(GLP-1), which stimulates the release of 
insulin. Unlike the version found in 
humans, it’s more resistant to degradation, 
which could help scientists develop 
treatments for type 2 diabetes. 


Nefertari’s, and recent analysis suggests this is true. 
They belonged to a woman of between 40-60 years old 
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Artificial dog 
noses can sniff 


Earth’s technosphere 
weighs 30 trillion tons 


out explosives The human-made structures on our planet - homes, 

A team of engineers have developed a factories, gadgets, landfills and so on - are collectively 

device that mimics the sniffing of a dog to referred to as the ‘technosphere’. Geologists from Leicester 

help detect trace amounts of chemicals University have made the first estimate of all these “ 

used in explosives, drugs and other structures, and the result is a staggering 50 kilograms for = 

banned substances. It is made using a 3D every square metre on Earth’s surface. The study’s authors 3g 

printer, and it can be fitted to standard suggest that the technosphere provides a measure of just 3 

explosives detectors, such as those used how much we humans are changing our planet. Z 
(2) 


in airports, increasing odorant detection by 
up to 16 times. 
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SJ atetacasj feral sts out ‘nee it’stt true the na 
(oo) Cossicy= 0 Kel eb belKesneymeolbrsvellcx bale! lie But there’s 
so much more to the great white shark -and 
indeed all shark species - than being the fictional 
man-eater of Amity Island. 

AVIS) of<bakesu ols) (e)alcMne nn elonel t-bsisu@l aleyalod@eeluahycrs 
that also includes skates and.rays. These critters 
all have cartilaginous skeletons (the same 
material that makes up the structure of our ears 
and noses), which makes them very light, 
enabling them to cut through the water. Their 
streamlined shape is ofa pointed, tapered 
silhouette with angular fins and a strong tail. 

There are many different types of sharks that 
are found in oceans across the world, from 
colossal hunters to tiny little bottom-dwelling 
species. They are often organised into eight 
(o) col=vases (eee) con daremconaal-yemeleronvaver-lelex-velemeluelsye 
taxonomic factors. The great white, for example, is 


With sensory organs spread over a 
iV (eom alst-(eMmat-lanlgalclaarst-le lowe] a> 
well-equipped to sense prey 





Sharks by numbers 





the 


bane 


Life span of a male 
great white shark 
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shark aelal re f=Yoa | [al = 0) i 
eat ina Northwest 
STialel(ometehva Atlantic sharks 
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Speed of 


shortfin 
nate) ,€0) shark >< 


OL 


Estimates of . ae 


since the 1970s 


~ “Each shark has 
G killer set of 
gdaptations for 
hunting, from 
nose to tail tip” 


a member ofthe Lamniformes, or the ‘mackerel 
sharks’. Along with others such as the basking, 
sand tiger and mako sharks, these fish are large 
and ferocious-looking, with mouths that extend 
behind their eyes, two spine-free dorsal fins and 
five gill slits, among other features. 

| DeeYel ORs) ate dx@ etctse= Weld (vaste) meyers lerchelrclaleyatcpieye 
hunting, from nose to tail tip. Even their skin is 
prepped for the cause - this is made up ofa series 
of scales called dermal denticles, which act as an 
outer coating for easy movement. 

Having conquered most of the oceans, specific 
shark species have evolved amazing ways of 
dealing with their environment. For example, the 
hammerhead’s mallet-like skull is a direct 
adaptation for finding its favourite food - rays- on 
the ocean floor. Similarly, blue sharks have gills 
that have evolved a type of net across them, 
knownas gill rakers, which prevent small prey 
from escaping from the gill slits. As food can be 
scarce, all prey is invaluable and therefore cannot 
be allowed to escape. 

Sharks are portrayed all too often as public 
syalsvaany@elonselolsy meeccmoleimimsm lend elejar-balmcon ass bbtsic 
that they don’t see us as food. Read on to learn 
sa0Ce)qcx-lole) ima elarier- bent VAparee=CeL0tclu len e)acrersine) acre bale! 
find out how you can help save them from 
extinction in our oceans. 
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Some sharks can replace 
teeth in this time 
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Age in 


years of the 
oldest shark 


fossil ever 
discovered 
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_ SHARK ANATO 


This streamlined fish is built for hunting. great v — é 
Check out the S) Os 650) 81 an il symaalere! - “a > Muscular frame 


Tee : There are two muscle 
The shark’s body typeisslenderandstreamlined, inthe water)andelectroreception (detecting — a , types: red and white. Red 


designed to cut through the water to keep electrical pulses) both essential when hunting is used for slow swimming 


a 





















Ls 


: . ; : : ton ; a over long periods. White is 
maximum water flowing over its gill slits (this is Great whites have small receptors for bo | PAO Aa for bursts of speed. 


why they can’tswim backwards)andtoallowfor — thesesenses across their head region, ' 

quick hunting attacks. They all have strong work in unison with their other sen 

swimming muscles attached to a web of For example, shark eyes contain 

supportive, durable and flexible collagen for mirrored crystals beneath the retina c 

efficient movement. tapetum lucidum - this helps them to see in dark 
Sharks also possess a unique arsenalofsenses, water. This, combined with their ‘super senses’, 

with chemoreception (detecting chemical signals . allows them to track down food in any situation. 














“Great white sharks have Endothermic 


Great whites are able 


strong Swimming muscles for to retain heat that is 


» 8 " generated by 
efficient movement swimming. They are 
not completely 
cold-blooded, as is 
often presumed. 









Cartilage 

A skeleton made of this 
flexible, lightweight and 
tough material makes for 
efficient swimming. 
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Inside 
the beast 


Specialised and 
adapted, these animals 
are built to predate 
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The shark’s eyes are — 
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Liver 

A large, fatty liver aids 
buoyancy, and liver oil 
can provide fuel for 
long ocean swims. 


All over the shark’s rostrum 
(nose) are sensitive pores that 
help the great white to hunt 
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DID YOU KNOW? Shark teeth are pressure-sensitive: they use their mouths in order to ‘feel’ things 


Tiny pores in the rostrum connect 
to nerves to detect electromagnetic 
pulses in the water. 


Eyes 

With eyes at either side 
of its head, a shark has 
near 360-degree vision. 






Ele @usiie 


Great whites are known hunters, te 
but what is the catch of the day? | 





Some species of 
shark are able to 
‘pump’ water over el 
the gills for more —_— ——— sti 












—— TU ee 
oxygen. — et , | i sult ; Ti, Hii Seals 
“SL UEI LAL R 1AM TAAL) The fatty blubber | 
of these pinnipeds | 
makes for a 


delicious and 
nutritious meal for 
mature great 
whites. They often 
attack from below 
to catch the 
seal unawares. 


Cetaceans 

im uats\Var-lasmalelalel av 
enough, great white 
are] a come eamaatclig 
razor-sharp teeth to 
‘a atel ane) dal=) mu aat-lalars 
faatelanvaar-lsvmalelaidiare 
fe fo)Via mele) | °)allatcwelare 
even small whales. 


Fish 
Some adult great 
white sharks may 
stick to eating a 
faate) gem [UN cial coma, ee 
fo) me | (=) umes nrotes=} [ale mm Ke) 
only feed on smaller 
lisiamelale pcre [elle 
ec) datclandarclamalelaidiare 
down large marine 











Heart 

Great whites have a 
huge volume of blood. 
This is pumped around 
the body by their 
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raatelanlaatelice a 
= a two-chambered heart. 2 
a = : mete = aM 
CN, aE Leftovers 






Despite being 
skilled hunters, 
great whites will 
take a free meal. 
Individuals have 
been witnessed 
tucking into ocean 
ore] aa (ola mcie (ela rel) 
whale carcasses. 


SHARK WARNING 
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Floating jaw 
Flexible connecting 
joints allow the 
jaws to swing 
forward away from 
the head for a 
clean bite. 


Sharks don’t 
hunt people 
- we’re not as 
nutritious as 
other prey 


white teeth 


The teeth of a great white 

J a¥-] a, @-] gem e)gey-lelhamdat-lalelelt-la 
shaped, with serrated edges 
uate] mere) aal=m lal kem e)(-\VareKommal= 
shark shakes its prey from 
side to side in order to take a 


bite. When tapered to an 
extreme point, these 
needle-like teeth are useful 
iXe)au inal ey-l late msill®) el-1avm ela-\alLca 
fish and blubbery seals. 
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Shark teeth routinely fall out and 
re] gow a=) e) f-[excle mage an maemo] ae)iiiiale 
behind the ‘working’ teeth 


Teeth 


Arranged in rows, the shark’s 


pointed and serrated teeth 
are continually replaced. 
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Far from being just a tropical 
fish, sharks have conquered a 
S10 ge) etsibelee-Darchae)marcleitclis 


There are sharks in all oceans of the world. These 
predators are very adaptable - species such as the 
Jo)iblens) atcha c@etshucweetslolsnmalcvemeleyentcmbenelasye\-v4 
waters both cool and warm. At one end ofthe 
temperature chart, the tropical seas are home to 
species such as black-tipped reef sharks. Sharks 
inhabit both the shallows (suchas the mighty — 
Jakebaebeslayaetcr-(ole-balemuel=mol-\-)onelqcr-bepanellaemicnuel 
home of the curious cookie-cutter shark. There 
are even species like the bull shark that are 
known to swim in brackish, estuarine water. 

Sharks of many varying species are also 
present throughout the water column, with some 
crossing open oceans, while others, such as the 
AAV(0) 0 0{or°X0) ebo4m 0) siz) mcon lUbaKqe)emmelcucier-bilele)ar-valel 
hunt for food. There are even migratory species — 
the hardy critters that cross entire ocean basins 
such as Nicole, the great white shark that was 
tracked swimming an incredible 11,100 
kilometres in 99 days, from South Africa all the 
way to Australia! 


their tail whip” 
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"S Megamouth shark 
This strange looking shark is a filter 
feeder. It has a blunt head with a very 
wide mouth for drawing in plankton- | 
laden water. Apart from rising tothe 
surface to feed, it is found inthe deep | 
waters of the Pacific, and is member | 
of the mackerel shark group. 





Sharks on 
the map 


et There are over 400 known 
shark species in the world. 
Here are just a few of them 





Equator 


Pacific 
Ocean 


Whale shark 


i; These filter-feeding leviathans are the largest 
fish in the sea. They swim the tropical waters 
Th resher sharks . execute a of the equator, either cruising the open ocean 
or enjoying the rich feeding grounds of the 
handbrake curn CO unleash shallows. They are also known to migrate to 


Australian waters every spring. 
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The pale catshark ts one of the world’s smallest sharks, at just 21cm long 





— 
= al » Greenland Shark 
. Swimming the cool, deep waters of 
= a eT the Arctic Ocean, a member of this 
<— a tea iy ~S —= —=- extraordinary species is estimated to 
“<= . a Oo _ be the world’s oldest living 
Acts | vertebrate, at almost 400 years old! 


This large shark is quite sluggish and 
so is believed to feed on narwhal and 
beluga whale carcasses, as well as 
hunting other fish. 








Atlantic sawtail catshark 
This small shark measures around 45 
centimetres long, and can be found lurking 
on the seabed of the Mediterranean and 
Northeast Atlantic coasts. Catsharks 
typically have an elongated, tapering body, 
Mediterranean Sea and feed on fishes, squid, crustaceans and 
marine worms. 








This flattened, 
1] alone (ole) ;4 ale] 
Australian shark has 
SJ oreo fe] | \varelere] e) kate! 
Few ecm ke) auketexel lave meal 
the seafloor 


Sgn 
Sn Speartooth shark 


So called due to the sharp, 
spiky teeth that run along 
their lower jaw, the 
speartooth is one of the few 
sharks that live in brackish 
water. They cruise murky 
mangrove swamps and use 






the cover of the silty water to 
hunt for fish. 


Northern 
Australia 
and New 


Thresher shark Guinea 

Easily recognisable by their huge, tapered 

tail fin, the thresher shark has weak jaws 

and small teeth, so they use their impressive 

appendage instead to whip and stun their 

prey. They swim towards their victims 

(usually schools of fish) at speed and use Bull sharks can adapt their 
pectoral fins to execute a ‘handbrake turn’ ro] 8 TL MVALKOM 9) ReLeX-SSNT=] TT ATLAVA 
before unleashing the whip. allowing them to live in more 
freshwater habitats 





(OM Wadbadcesixorel on ANC RPN Eben, 
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WHY ARE SHARKS | 


endangered species, human activity is the b 
threat to many of the shark species in our oceans 
— it’s thought that overfishing puts one-third ofall 
oceanic shark species at risk of extinction. The 
main issues arise from both direct and indirect 
fisheries of these ocean creatures. 

In 2014 it was estimated that a staggering 100 
million sharks are removed from the ocean each 
year, mainly asa result of the demand for 
shark-fin soup. In many Asian countries this is 
(efoyatsi(ol=yacre mk. mel=)elercleava-valoner. vel reach staggering 
prices of over $1,100 (£875) per kilogram of fin. Asa 
result ofthis high demand fora luxury dish, 
illegal, unreported and unsustainable pirate 
sutsVoUbarem ise. Mee)acbesleyemeleeiebacsalecr-pelombaleacronleay 
damaging to fragile shark populations. 

Practices such as finning are exceptionally 
cruel, as fishermen illegally catch the sharks, 
de-fin them and toss them back into the ocean. 
The fin trade, where just two to five per cent of the 
shark is used, affects a huge range of shark 
species and is one of the biggest threats they face. 


Most endangered 





These sharks are some of the most threatened shark types in the ocean 


known as bycatch. Due to many sharks’ need to a 


being removed from the water and the species’ 








the nets intended for other fish Seleetase 


have a constant flow of water over their gills, _ 
JoYerere)acubaveasyelsyet-basromben.Belcim-beroneber-le)(-nK 
means certain death by drowning for the 
creatures. If this shark is young and has: 
reached sexual maturity, not only 
lost one shark, but also the potential: 

more sharks is wiped out withit.Assharksare 
fished moreand more, smallerspecimensare — 










ho) aY- | .¢om ol=1ere) gal=me-lale| (ave mininaicvali ere! 
al=1eoe) ame | aiid | ale melet=t-] ame (10) qi 

ViVi score iaavanteve)iiicvotomaarslaamelale| 
causes them to drown 





chances of survival dwindle with the haul-out of 
every net. 

WVEWohvmutsieXcvelcrsue (0am mas) elevamael-yemoyyercliaeneyi 
sharks, and this lack of data adds to the plight of 
shark species as researchers are not able to 
Jo) ae)oxcvenrmseleyevinevmelemenuelcpersielvava-laaninva-belondel= 
shark population. Pirate fishing causes the same 
problem. When sharks are illegaly removed from 
their ecosystem it’s impossible to gauge their 
conservation status accurately, often before it is 
too late. 

Researchers tag and monitor shark 


species to learn more about their biology 
and movements to aid conservation 


fa 










Porbeagle 

This coastal-dwelling 
shark is found across 
the world, and is 
highly fished for its 
meat and fins. Illegal 
fishing, as well as 
1iTayaliavem-lavem o)ier-lkel a 
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Basking shark 
Previously hunted for 
dats) | mere] a uit-le[ew-lale 
ThYe1ane) | Pars] ale aLeyViVarel sxe) 
targeted for their 
giant fins, the 

Key Ware] celui ale ml are! 
Talanexe [elc)aim e)actexel lave) 
nature of these 
sharks makes them 
very vulnerable and 
ale lpn) exeleomare\Vie 


fo feXea | faleve mel e-laat<luler-] | NVA 


ENDANGERED ENDANGERED 
Oceanic Scalloped Great 
whitetip hammerhead hammerhead 
With their distinctive This species’ fins are These sharks are 


Vali kota] 9) elcle mele) scy-] 
fin, these sharks are 
fished for their fins 
and are very 
susceptible to being 
taken as bycatch. This 
species was reported 
to have significantly 
declined in at least 
(o)atom czvel(e) am 








vie lal ancl le rexem ial 
Asian markets and 
they are targeted 
heavily throughout 
uatcli mee] ale(oue) i 
temperate and 
tropical seas. 
Fisheries are taking 
young and juvenile 
ate] accrue (svelantelilare 


mo ove) 0) 0it-1u(e)amalllnaley=\acy 





heavily fished as they 
ave Wicwremallelamalelanie=le 
of fins on their body, 
nate] .diacemuatslanmarce)alh 
attractive to the 
Save] a sqiilalaliare) 
industry. They live in 
shallow coastal 
waters, making them 
WAU] fal=1e-]0) (=m Ke) 

loy=xexe) palate me) ier-] Kelp 
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a SS eee 
— Sunlight 
It all starts with the Sun. 
Light helps phytoplankton to 
photosynthesise and grow. 


















be —_ fT * 
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Zooplankton al The sha ie 


These are tiny animal plankton that feed 


on the photosynthesising Small fish place Th ats 


phytoplankton. Some species eat the Smalleranimale: as well 


. = 
larval stages of many oceanic creatures. 46 filterteeding arcer veveye rea lia 


animals, gorge on the 

plankton in the water. As apex predators, sharks 
are an essential link in the 

ocean ecosystem 
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sa lre. ~~“ 
an ee AG os . 
SEI AG FG FED T 9S more we, 3 
V8) tw) En ge F 
FOSS fain — ‘its 
. ag tel. ZN Terie 
SLC abel Ds yg — ef 
622= 0 ey SO 
are,  . LRA, . A ae 
ty SA) os e-7) “ , rm 
p Fp Y \ 
a Cs Che CA os . 
2V> Bae oY oe 
Fa aye a4 * 
’ ae © oO ge 
Se 


Medium fish 
Fish prey upon the 
smaller animals, 
providing more 


Large fish nutrients to flow 
Larger fish feed on the medium through the food web. 
and smaller-sized animals. 


Phytoplankton These fish can be quite large 
Tiny single-celled organisms in predators in their own right. 
the water photosynthesise and 

flourish into large blooms. 


Sharks 
Most sharks are at the very ; A , tt "aye 
top, feeding on medium y (els) million sharks 


and larger fish that are 


supported by the plankton. eik= removed from the 
ocean each year” 


© Alamy; Thinkstock; WIKI; Illustration by Art Agency 


Predator loss 
Sy Without the sharks, the species that 


are normally eaten by them are 
To find out more about sharks and other amazing unchecked, meaning they eat more 


marine creatures, get your copy of the World of : of the smaller fish and can cause a 
Animals’ Book Of Sharks & Ocean Predators huge shift in ecosystem dynamics. 
special edition bookazine. Available to buy or = 

download now from www.imagine-shop.co.uk 

and www.greatdigitalmags.com 





Close enco 
sharks can prove t 
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Earth’s land habitats 


J coeeelsbaatelccuconuvsllodbnccm elev ivaeloneloimo)t.lelcimcphelecsvoble)(one)le)en=sxonss(=)aaum 






Coniferous forest 

Coniferous forests are found in temperate regions 
of the world, such as North America, Europe, 
Russia and Asia. They are made up mainly of 
evergreen cone trees like spruces, hemlocks, pines 
late mal ecm ’ial(eamanldi\ou lamsjale)ammexole)Mci0lpalant=)acm-lalel 
Koyare Pmat-lesia Mw ialacl ace 








Deciduous forest 
Deciduous forests exist in areas that go through 
four distinct seasons, so wildlife adapt to survive in 
both warm summers and cold winters. For example, 
trees have thick bark to protect them from the cold. a NS 
Tabe-l01aelanlammual=m(2v-\{csmoval-]ale[=moxe) (ol0 em ual=\Valual=)a Will = a 
from the trees in winter and grow back in spring. , <a ) 


Temperate grassland 
Lacking in trees and shrubs, the dry 
grasslands of Africa (veldts), North America 
(olde) la (ass) sie) 0 iva W-Vani=la (oro @ey-]nnley-i)-lare 
Eurasia (steppes) have nutrient-rich soils that 
Fl gem (o(ct-] mie)mte|g-v4lalem-lallant-]ceweVidacelele] amare) pals 
Kom aatela\varelallante]sHmcie (e1alr- lomo) ie) aire] alem-|ain=) (0) el-m 
there is little diversity in terms of wildlife. 





J 
\ 
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Polar ice habitats are covered 
in ice for most of the year 








Mediterranean 
AVKeXeli tela eel alstelam ate] elite lcm al-h\(om alelm-lae Mel avaclll palanl=lecn | 
'o)U) moxole) i-] arom aale)(-1mny'/ 10) X=) soem =>.4 01-10 (=) alellalem (eM eel aliclie 


olUpmmoi a || Manre)aomeat-lamiame(=sci-) am gate] (eo) aloe nntela\varelaliaatelis 
and plants have adapted to survive in these 
conditions. These ecosystems are teeming with 
insect species, and home to plants that have 
adapted to conserve water. 


Tundra 
Home to reindeer, tundras are dry, cold and windy. 
Covered in snow for most of the year, the harsh 
landscapes have extremely low temperatures, poor 
aLelda(=lal acm lima (om 0) ase] e)in-lu(e)am-lalem-jale)ame|ce\ i iiale| 
seasons. The few plants and animals that live there 
Fel gsMa"ie)| re lere] o) kale Kom alow (e)avepmexe)(eM\V/lalkz)acmmaalelelelan 
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DID YOU KNOW? Approximately half of all Known species of plants and animals on Earth live in the tropical rainforest 
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Mountain 

pik} ale pre] ole) cma g(-M—l)aqelelalel|avemt-lalelstor-] ol-m-l are! 

jcolU late Me)air-]| mexe)aiulal=lalecmantelelaits||atcw-lacmelal(elercmia 
that they contain other land habitats within them. 
A grassland might exist at the base of a mountain; 
Wo] Umoxolu| (eM il ale m- Mere) alic=)celUKcmce)ast-1 mam ua(emeclaligch 
there may even be a tundra at the top. 





2 Py Savanna 
| TTI IG oyna} e)gis=1e Me) mu ge) e)(or-] Re] e- Iss] /-]ale Kem ual=me) el=19 
a \4 landscape of a savanna is littered with shrubs and 
i] d }) isolated trees. Despite having a wet and dry 


season, savannas have warm temperatures all 
year round. Perfect for herbivores, such as 
elephants and zebras, animal types vary 

re (=Jol=lale|lareme)aMyvalc\aomlamealcmye)a(emualsect-\Vi-] alate mice 


Polar ice 

Covered in ice for most of the year, the 
yAV goad (omr-]aleMAVale-] coiuior-M[amantcm) (e)auam-lale 
South Poles are the coldest regions on 
Xe] ad pPm\V/ tel al arewelaliaatelism ele) el0)t-lnomuala 
waters, while polar bears and penguins 
ThVeme)am telecom lamaat=mareladalelaremcve)eian 
respectively. The only plant life is algae. 





There is little in the way of 
biodiversity in the desert 


Age) ol (or-]Me-llalielassys 

im Co)anemeomanve)aeW-lallant-]m-laleme)r-lalmlixcmuar-la 
any other habitat, tropical rainforests 

(=-4 o=1 (=) nexsr- exe) aio) =] a] Maloun tclan)elcle-1Nel come] are, 
high rainfall. Near to the equator and 
therefore exposed to plenty of sunlight, the 
alelaal(elinvarelaveme(=)atsi-M\ceve(cit-14(e)ame)ee)V/(e(=i-| 
unique water and nutrient cycle. 


n(olme(sticlae 
Where rainfall is less than 25 centimetres 
per year, hot deserts are so dry that it’s 
(efi (er) | ace) mm e)t-] alm lix-mKome] co) n<-t-leal[are| 
temperatures of up to 50 degrees Celsius 
re[Ulalaremuntemel-\vmeleimaelanliaremyclavmere)(om-]t 
night, there is a low level of biodiversity. 
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Tree lines 


The clear divide in the 
landscape where tree growth 
comes to a sudden halt 


any sweeping mountain landscapes are 

marked with an interesting feature that 

often goes unnoticed. A clear, distinct 
line often separates the dense forest of trees that 
grow in abundance on the slopes and the near- 
lifeless barren landscape near the peaks. And 
interestingly, the ‘tree line phenomenon’ is still 
something ofa mystery. 

However, a popular theory describes 
temperature as the major factor, rather than 
altitude. The cold climate at these heights is 
thought to damage cells, impact carbon balance 





and inhibit the growth of young trees. And because 


of the proximity of the trees looming over their 
offspring from just below, the Sun’s rays are 
blocked from reaching the soil and warming it. 





High 
altitude 


High temperatures 
and humidity, lots of 
rainfall and rich, 
nutritious soil allow 
trees to grow in 
abundance. 


Low 
altitude 


Pd, 
/ ’ 
ea 





Below-freezing 
temperatures and a 
thinner atmosphere make 
this terrain uninhabitable 
for most forms of life. 


Poor amounts of nutrients, 
very low temperatures and 
little water prevent trees 
from growing. 


At a certain altitude trees 
are no longer able to grow, 
which results in a sharp 
cut-off point. 











At high altitudes, even the 
most robust types of trees 
are unable to grow 
























These habitats are 
home to hardy 
coniferous trees, which 
are more watertight 
and windproof. 


Leaf-shedding trees mostly 
inhabit regions of rich soil, 
readily available water and 
reasonable temperatures. 


Honeypot ants live on the edges of 
deserts and other arid areas, including 
the southern US and Mexico 


About go per cent of land plants have a mutually-beneficial relationship with fungi, Known as mycorrhiza 


Can plants 


Plants can warn each 
other about invasions of 
destructive insects, 
such as aphids 


communicate? 


Discover the secret signals plants send to 
each other on the wood wide web 


ust as we have many different methods for 

staying in touch with friends, plants have 

their own ways of communicating with each 
other. The main purpose for this is to help each 
other out, warning nearby plants of approaching 
dangers, such as insects, infections or drought, so 
that they can take appropriate action. 

One method they use to do this is to emit 

invisible volatile organic compounds (VOCs) into 
the air. Other plants can then detect these 


compounds and know to defend themselves, or 
signal for help. Another method is below ground, 
and enlists the help of fungi. Beneath the 
mushrooms on the surface is a mass of thin 
threads called mycelium. These threads link the 
roots of different plants, allowing them to transfer 
compounds and communicate a specific message. 
The final way plants talk to each other is by 
secreting chemicals through their roots, which 
diffuse through the soil and are picked up by other 


How do plants warn each other of impending dangers? 


Insects called aphids feed on the 
sap of many different plant 
species, which can destroy the 
plant in the process. 


Plant diseases such 
as blight cause plant 
tissue to die and can 
spread rapidly 

between organisms. 








A lack of moisture in the 
soil acts as a stressor for 
the plant, as it signifies 

that it may be in danger. 
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Plants under attack emit 

volatile organic compounds 
(VOCs) into the air, warning 
their neighbours of danger. 


ee 






plants, alerting 
them to danger. 
This complex plant 
communication network has been named the 
‘wood wide web’ by biologists, but like ourown 
version of the internet, it has a dark side. Some 
plants use mycelium to steal carbon from each 
other, while others use it asa method ofattack, 
delivering toxic chemicals along the fungal 
threads to inhibit the growth of their competition. 


Upon receiving the signal, the 
* plants emit defence VOCs that 
* repel aphids and attract 
aphid-hunting wasps. 












The chemicals warn the plant 

to close its stomata, small 
ny openings in its leaves, to 

a4 uv prevent water escaping. 
¥ a 








neighbouring plants. 


Plants also transmit warning 
signals via the thin thread of 
fungi that connect their roots 
in the soil. 


The stressed plants secrete soluble 
chemicals from their roots, which 
are then absorbed by the roots of 







== 






Plants can then relay the 
message to their own 
neighbours, helping to spread 
the warning far and wide. 
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Meet the experts Some of the biggest names in special effects reveal their secrets 





Alexis Wajsbrot Chris Corbould OBE Mike Stringer 
. CG supervisor at Special effects supervisor Prosthetic artist and 
Framestore From Batman to Bond, Chris has director at Hybrid FX 
AN ey qicmalelome (el (hic) acre mca ne alaliale mene (ol cate 1ka1e W-laal-V4lalemciaelalac-lare| ~~! | NVATL <esesoexe) an) @Y<] a \ Valuer] alcike) a patcw-(e1ke) as 
effects for movies such as Edge Of We =), 4 ©) (0)=1 (0) a1 (0) ESX=NV,21 ¢-] 0 8) (X01,4 0] 0 I)n 2) aoe . hk LAmUisiialem e)gessiuarciuloscwr-]aleMant-].(oul0) OM mis) 
Tomorrow, Iron Man 3 and Gravity, and recently | He won an Oscar for his work on /nception, and credits include many TV shows and movies such 
worked his magic for Marvel’s Dr Strange. has an OBE for his services to film. as Mad Max: Fury Road and Lord Of The Rings. 
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omputer-generated imagery (CGI) has 

made the impossible possible in movies, 

from creating fictional creatures and 
locations, to replicas of animals or outer space. 
Recent spell-binding examples of this digital 
wizardry can be found in superhero blockbuster 
Dr Strange, the latest instalment from the Marvel 
Cinematic Universe. In the movie, surgeon 
turned sorcerer Stephen Strange learns the 
mystic arts and travels to other shape-shifting 
dimensions, so a lot of CGI was needed. The 
person in charge of the digital effects was CG 
supervisor Alexis Wajsbrot, who led a team of 
over 120 people at creative studio Framestore to 
deliver 350 separate shots for the movie. 

“We have modellers, animators, lighters, 
riggers, lots of different departments, and as CG 
supervisor I connect them all together so that we 
can deliver images to the VFX supervisor for 
artistic comment,” explains Wajsbrot. 

Wajsbrot and his team worked on the project 
for a year, creating 20 different effects. “Itwasa 
huge challenge for us because it was the first Dr 
Strange movie, so we had to work out how 
everything was supposed to look,” says 
Wajsbrot. “It’s also such a magical movie, so all of 
the effects are very subjective. We had to invent a 
visual language that’s going to be reused in Dr 
Strange 2 and in Avengers.” 

Astral projection was one of the most complex 
effects to create. This is when Dr Strange exists in 
the astral plane, becoming semi-transparent 
and able to fly through objects. “It required a lot 
of detail to make the effect subtle, so you can see 
the presence of the character, but also convey 
that it’s not the normal Strange, he is now in his 
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a porta 


The real-life magic behind | 
Dr Strange’s gateway ime) 
other dimensions 
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Dr Strange’s magical shields were 
created using CGI in post-production 
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puppet of Dr Stre ' was 
lighting the shot. “When they astral mode, 
Motion capture was used to create a 
CG, semi-transparent Dr Strange 








the characters are supposed to be emitting 
light,” explains Wajsbrot. “This meant we had to 
model the whole room, which was a hospital 
operating theatre for that scene, in an incredible 
amount of detail, and track each prop to light it 
from the character.” 

Thanks to advances in technology, Alexis and 
his team were able to create these incredible 
never-before-seen effects in stunning detail, but he 
believes there is still room for improvement. “On Dr 
Strange we animated cool and complicated effects 
that we were not able to doa few years back. Now 
the challenge is to do them faster and faster as well 
as better.” 


uM at=w>ye)[alaliavemexe)a dele) mssvor=) al=) 
required a CG model of the set 
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© Framestore/Marvel Studios 
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are Bond jf 


Discover how Skyfall’s 
amazing tube train crash 
was created a 








One shot 


The effect was shot in one 
take, as it would have taken 
a month to rebuild the set in 
order to shoot it again. 


hen high-speed 
be chases and fiery 


explosions are allin 
a day’s work 


While CGI can make 
spectacular effects much 
easier, cheaper and safer to 
create, some directors, suchas 
Sam Mendes and Christopher 
Nolan, prefer to use as many 
practical effects in their movies as possible. For 
this, they enlist the help and expertise ofa 
special effects supervisor, such as Oscar and 
BAFTA winner Chris Corbould. 

After getting his big break at the age of 16 
when he was tasked with opening 500 gallons 
(ohm aveXcreMey-Uccclom olcr-belspie)ar-mcnveelmeyemmel-mentenial= 
Tommy, Carbould has gone on to create awe- 
inspiring and record-breaking effects for huge 
movies, including the James Bond, Batman and 
Star Wars franchises. 





























Fake station 
The replica of London’s 
_ Temple tube station and the 
— sewers beneath it was built 
at Pinewood Studios. 


a A. 


Incoming train 

The train carriages were 
hanging on chains above 
and on rollers below, then 
released so that they 
crashed through the set. 








Where do you start when taking 
on a new movie project? 

First the script is broken down into 
sequences and then discussed by 
Us mant-h oye atarclotcme)molsyor-banentsvalm ; 
During these meetings the director 
will outline his vision for the film, after which 





all departments will contribute ideas to achieve 


this vision. 

The next phase is where we design, build, 
test and video each component of the sequence. 
It might be a series of explosions as seen in 
Spectre, or it might be a complex mechanical rig 
such as the sinking hotel in Casino Royale. All 
aspects of the process are videoed and shown 
to the director for comment. I would say that 
testing makes up about 50 per cent of our entire 
workload. Sometimes we will test the same 
effect 20 times to establish safety parameters 
along with achieving the highest spectacle. 

A major part of our job involves engineering, 
starting at the CAD (computer-aided design) 
phase through to the machining, welding and 
commissioning of each rig. 


What’s involved in filming 

these sequences? 
pUbeebeotea-U0mmelcmeceyecholeyelcvelecmmer-imuelemer-hucmeler-iel 
testing over the previous months may involve 








Fake carriages 

Real trains were too heavy 
to use, so Corbould’s team 
created replica carriages 
that weighed seven tons. 


{I 


shipping them all over the world to different 


locations. On Spectre we filmed in Austria, 


Mexico, Morocco and Italy, so the logistics of 
making sure that the right equipment and 
manpower is sent to the right location at the 
right time is immense. At one stage I had 
workshops and crew spread over all four 
locations, as well as preparing major sequences 
in the UK film studios. The filming period can 
vary between six weeks on small films to 28 
weeks on large blockbusters. 


How did you achieve the Rome car chase in 
the film Spectre? 

We had eight Aston Martins and four Jaguars all 
specially constructed for the film. The vehicles 
were tested almost to complete destruction by 
the stunt department to discover any weak 
links. We also had to consider that we were 
filming the movie in a 2,000-year-old city that 
cherishes its ancient architecture and would 
not take very kindly to a car hitting any part of it 
at high speed. 
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DID YOU KNOW? For the film Inception, Corbould's team constructed a leom-long corridor capable of turning at six rpm 






























































The stunt cars were adapted with roll cages, 
safety fuel tanks, hydraulic handbrakes, racing 
harnesses and much more. In addition, we 
might have cars with a remote driving pod 
mounted on the roof, giving the illusion that the 
actor is driving at high speed while in fact being 
driven by a stunt performer from the roof. Also, 
there may be a requirement for a car to crash 
into static objects. This is usually achieved by 
taking the engine and all unnecessary weight 
out and then mounting a steel tube inside. This 
tube forms a piston, which can then be fired 
from a static nitrogen reservoir at speed. 

The chase itself is a logistical nightmare, with 
large parts of the city locked off to ensure that 
SATO OLOLOMYANVCVOCecMOLUL MN el=yoasaae)elmeloleymbalmenuelcmey-tael 
of aspeeding Jaguar. 


How did you go about creating the movie’s 
record-breaking explosion in the 
Moroccan desert? 

We tested approximately 15 different explosion 
looks that would be multiplied and linked 
together to form one travelling explosion. The 
wiring of the ignition system isa crucial part of 
id al=Ke)olcyechelopau-velomeclelsimol-me-beal-omeleimcslenuunys 
and methodically. On this occasion we used a 
system of computerised detonators whereby 


“It could have 
been disastrous had 
Daniel Craig not got 

the line right’ 


each detonator is programmed to go offata 
certain time. The only downside is that there is 
a three-second delay after pressing the button 
before the sequence starts initiating. This 
meant that we were pressing the button half 
way through a line of Daniel Craig’s dialogue, 
which could have been disastrous had Daniel 
not got the line right. However, Daniel isa true 
professional and nailed the dialogue. 


How has your role changed over the years? 
The technology has changed immensely. We 
can now control hydraulics, pneumatics, 
winches and ignition systems using computers, 
while in my early years it was all controlled by 
people pulling levers and pressing buttons. 
Computers give us consistency, repeatability 
and a high degree of accuracy, which in turn 
means greater safety and financial economy. 


What are the benefits of physical effects? 
The benefits of practical effects are clear when 
you are actually watching reality. On The Dark 
Knight we somersaulted a huge articulated 
aque) oud Molomacr-lelm(o)emeyemmelsnet-hvmnicclspeeleccreple)(cn 
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For interior driving shots, David Bautista’s 
Jaguar C-X75 in Spectre was actually being 
(ofahViclamo)vare moi 4el ala aat-lame)amun(cmaele)i 
































































































































Corboul S team | built a massive model F Venice's Hotel 
-Danielli iin a eee tank for Casino Royale | on 


For The World Is Not Enough, Corbould fitted a helicopter with 
sawblades that slices through Pierce Brosnan’s BMW Z8& 











































































































© 2015 Danjaq, LLC, Metro-Goldwyn-Mayer Studios Inc. and Columbia Pictures Industries, Inc. All rights reserved 
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© Hybrid FX; 2002 New Line Productions, Inc. 
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The painstaking moul 


behind some 


When you see a fictional character from a 
fantasy world on screen, they've not necessarily 
been created on a computer. All those hard- 
working movie actors aren't out of a job just yet, 
Rome etsiKcrslome) molesbarcmect-Kolsmacrelneler-belmuslnmas 
being made unrecognisable by prosthetics 
artists and a whole lot of silicone. 

From their UK studio, Mike Stringer and his 
team at Hybrid FX have transformed the young 
pOLKO MM OL=Ne) (COMM eCcmUArsuetcmbelionsslcmoeerolst-(omr-velommel= 
human into a dwarf warrior from Middle Earth. 
In fact, they’ve even transformed the entire 
prosthetics industry. Before the movie The Lord 
Of The Rings: The Two Towers was released, the 
typical material of choice for making 
prosthetics was soft, squishy foam latex. 

However, after Hybrid FX used their newly 
developed and more flesh-like silicone to create 
the face of Gimli the dwarf, everyone began 


ff \ 


\ P 
The new silicone prostheti 


nate 1X=la te] me(=\V/-) (0) eX=XeMoNVAlY)| | =u 
team requires much,léss make-up 
Kons ol=W-]0)0) |(=\e lama al=Wilat-)B>)e-le [2s 











ding, sculpting 2 
of the greatest 


movie trans 


using a version of their revolutionary new 
material for other movies. 

WW ak-Lencp alelmmelneyeUnvmelcvanciel epele)cescavmnerclmatsts 
changed the industry though. “3D scanning is 
very helpful, particularly for full body casts,” 
explains Stringer. “Instead of having to mould 
someone’s whole body, which takes hours and 
is messy and uncomfortable for everyone 
involved, the client can simply wear a skin-tight 
suit and be scanned in five minutes.” An 
accurate model of their body is then cut from 
rigid foam, ready to be used as a base for 
sculpting the prosthetics. 

yNid aloletd ome ebtcw ot-tcesjel-16 m0) om e-ba mean elmo celaciisp 
transforming an actor into an entirely new 
character still take g 


Mike says the 
secret to creating 
a gruesome 
ydoyanle) (=m (ele) as) 
often having a 
(eTorole M-leane) g 
WTate(=\eatstelan) 





mhY8) a (el aol gat-] Kee! 
Gimli the dwarf’s 
facial prosthetics 
ike) mu dal=wcxevore)alem-lale| 
third Lord Of The 
Rings movies 








“Transforming an 
actor into an entirel 
new character stil 
takes a long time’ 


character like Gimli the dwarf is around three 
hours or more,” says Stringer. “Removal time is 
also painstaking and needs at least 30 minutes, 
as the materials cannot simply be ripped off the 
skin. If they came off that easily, they wouldn't 
stay on reliably for a whole shooting day of eight 
hours or more.” 

That’s not the longest time the Hybrid FX 
team have spent applying a prosthetic though. 
When working on the 2003 horror movie Creep, 
it took them seven hours every day to transform 
actor Sean Harris into a hideously deformed 
Ken UCVommAiV(cRsie-Danclem-umpesbCobentdolm-belomntelen (ome 
ready for when the crew turned up for the shoot 
at 7am,” Stringer explains. 







Mike transformed 
actress Ingrid Pitt 
Taicemtal=m (210) cele ls) 
character The Sybil 
ike) ant a(-W*A0]Olomalolage) a 
movie Minotaur 








































































































To create the sound of a lightsabre, foley artists passed the feedback from an old TV through a loudspeaker 


Ver, 
How to 
look older 


Turning a young actor | 
into a senior citizen with 
the use of prosthetics 


Make an impression Sculpt a mask WEL com anelelcers 
The actor’s face is covered in alginate, a material OVaoreWal-]ae(slalcleMmual=maal-12)al-] Micmaclaale)ycvem-]a (en llalcre The plasticine mask is cut into sections and a thin 


usually used to make impressions of teeth, then wet with plaster, which hardens into a mask. A layer of plaster impression is made of each piece. These are 
plaster bandages. plasticine is added and sculpted with wrinkles. covered in plaster to create positive moulds. 


cole mi lame (=) rl alate Glue in place AXe CoM i lalcialiare muele cera ras 
Bi atom ©) t-boiu el] al=WcxsXer i (e) alow] com ©) f-lexa\e Me) aminal=maatelel (els Bh atsmelslt-lelarsmar-lae(slarcmcom ce)aaamil(=>.4/e)(2m e)gesciual-iale \V/Fe] CMU] OM Kodi] ©) 0) | (=\e Kom a alo ©) gel<14 g(=10 (om Kooi gst-1k=i-[e |=) 


Fl ale Moxo)’(=1q210 Min mani) gow ©) (-\-1K=)emelgcy-li late Malcyer- lune pieces. Eyebrows are threaded in before the masks spots and accentuate the wrinkles. Finally, a grey 
laatele] (elowm mn (eleme(=\i-]a/al-M (oma alclamelelelg-lem|al-y(e (os are applied to the actor’s face using surgical glue. wig is added. 


“The actor's face is covered in alginate, a 
material used to make impressions of teeth” 


Strange props 

A frozen lettuce can be 
used to create bone or 
head injury sound effects. 
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© WIKI]; Illustration by Ed Crooks 
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ed robotics 
The advanc Four best 


When movies such as Alien, Jaws and ET hit the 
big screen, computer-generated effects weren't 
quite up to scratch when it came to bringing 
nonhuman characters to life. Instead, real-life 
robotic versions of the characters were built, 
with complex engineering and incredible 
artistry required. 

However, even now, when it’s possible to 
make virtual characters more realistic than 


“An animatronic of 

that size had never 

been created for a 
movie before’ 





WY STAN WINSTONS CHOOLCOM 


olor Uifoldi are manl=m erelehy 


The main frame is covered in chicken wire and fibreglass, then a layer of clay. The 
clay is sculpted to look like T-Rex scales, and serves as a mould for the skin. 
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Discover how Jurassic 
Park’s fearsome villain 


ever before, some directors and special effects 
technicians still opt for animatronics. For 
example, many of the nonhuman characters in 
the recent Star Wars movie, The Force Awakens, 
were in fact real-life moving robots, including 
BB-8. The reason many give for using this 
technique is that they prefer having the 
character present on set, instead of adding 
them in later. Some also argue that actors are 
able to give a better performance ifthe 
character is there to interact with and react to. 
One of the most groundbreaking examples of 
movie animatronics was the T-Rex in Jurassic 
Park. While many ofthe dinosaur’s running 
shots were created using CGI, the close-ups 
were all ofa full-size, life-like robot that stood 


T-Rex 


was brought to is | 





A metal skeleton 
A fifth scale model of the T-Rex is sliced into pieces then each slice | 


























at seven metres tall and weighed over 4,000 
Katloycacchecksyaven-babncet-laae)eulene)aaet-im-jVA-mer-lol 
never been created for a movie before, and it 
Jaks(omcomol-meatelelencinqe)etecyar-belementeyacmorvelcnicloyls 
idetcbeusbenvadetcreelcmel-Bec@ae)elelice 

The T-Rex was originally intended to bea 
human-operated puppet, with large rods used 
to move the head, tail and limbs. However, it 
soon became apparent that it would be too big 
Kovac benr@erevestsbemnenol-e-le)(cmnek@asrsIkene els 
movements fast enough to make them realistic. 
Electric motors wouldn't be quick enough 
either, so in the end hydraulics were used. 

The finished robot was so big that the ceiling 
of the workshop where it was built had to be 
raised by almost four metres, and its base had 
to be anchored into the ground to stop it 
toppling over. It was dangerous too, as while 
gluing its skin in place from the inside, one of 
the crew got trapped in its belly when a power 
cut caused it to move. His colleagues had to 
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A sturdy base 
Anchored to the floor, the 
dinosaur’s motion base 
allows its whole body to be 
tilted from side to side. It’s 
controlled remotely by a 
miniature model. 





\V/(2Yeo1 ab] aliom aaley,2) ans) alas 


AV Yo) ave }ci(e (om dal=mcvol0)| 0) c=\o im bn => emr- Mantel are mm pavele(=) Micmanl-(e(-Ww-W-1K-\-] Big-|pa(-malancremn ian 
hydraulics creates the T-Rex’s movements at a speed of two metres per second. 


WWW.HOWITWORKSDAILY.COM 






















































































































































































































DID YOU KNOW? The first agnimatronic to feature ing movie was the bird that sang A Spoonful Of Sugar in Mary Poppins 
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nic ; : It 60k the team icelan 
Stan Winston Studios 
~ months to build the ee 
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WAST WNSTONSE Secure the skin 
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Amazing 

engineering 
Eerily quiet 7 The T-Rex’s hydraulic 
With only a gentle hiss a y valves pushed 60 
from the hydraulics, the gallons of hydraulic 
crew Said the dinosaur was we fluid per minute. 
eerily quiet as it moved. ; 



























































Absorbing water 
The T-Rex wasn’t built for 
wet weather. Its foam skin 
absorbed lots of water on 
set, making it even heavier. 






























































Thick-skinned 
The skin was made 
five centimetres thick 
to conceal the metal 
skeleton and 
hydraulics underneath. 
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Tal edaliave mkele cer a(=to Ready fora 
The T-Rex’s forearms, eyeballs, tongue and teeth, which are mostly made from close-up 
foam, are all secured into place, and then it is ready to be transported onto set. (Off al=lantemalcine) aac aat-le(sy 








VVAVVAV VALS OAV VA mViV/0) 4,45) 87-8 1%) How It Works | 031 





































































































































































































































How marbles 
are made 


When not mass-produced, glass marbles are individually 









handcrafted to include intricate internal designs The process undertaken to fashion 


beautiful-coloured glass spheres 





Melting the glass Coloured glass Forming the mass 











To start, clear glass is preheated in a small oven Blocks of coloured glass are covered in molten Using the rod, a clump of clear glass is gathered 
before then being placed in a furnace and left clear glass from the furnace and moulded into and moulded into a spheroid shape. Wet 
overnight. The next day, the now melted glass can be five-metre-long strings, which will later be shortened into | newspaper (which doesn’t stick to the molten glass) is 
retrieved using a steel rod. thin strips several centimetres long. used to help handle and shape it. 
Into the furnace Roll and melt Flattening the ribbons 
The red-hot glass is rolled over preheated, coloured After adding another layer of clear glass, the clump A segment of core is attached to ribbons - thicker 
strings and then returned to the furnace. After is stretched out to around half a metre in length coloured strips of glass - and covered with another 
heating, the metal clump is then run along a metal table and cut into multiple segments. These will form the layer of clear glass before moulding. Steps 4-6 are then 
to even out the shape. central core of the marbles. repeated to create the desired pattern inside the marble. 
Marbles took off after the 
1846 invention of 
marbelschere 
(marble 
scissors) in 
Germany 
Creating the sphere The finished marble 
Tools are then used to shape the molten glass into a The marble is then put back into a furnace that 
sphere, and the formed marble is placed in a pipe to cools overnight to strengthen the glass. The 
hold it still while it is broken off from the rest of the glass. | marble is now complete and is ready to be collected and 
The site of the break is melted to smooth the surface. played with! 
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solution for finger, 
hand, wrist, arm, elbow 
& shoulder 








OVER 1000 ***** 5-STAR REVIEWS ¢ £12.99 - £59.99 
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Quad-tone flash iPhone 7 teardown 


The flash th ivat i . 
evasliial actvales How does it pack in all that tech? 
when you take a photo 


contains four LEDs that 
adjust light to make 
photos look natural. 





Inside the 
iPhone / 


A closer look at Apple’s most 
powerful smartphone ever 








Better battery 

The new and improved 
battery gives up to two 
hours more life compared 
to previous models. 

































t’s always a big event when Apple launches a 

new iPhone, and the iPhone 7 is no 

exception. The latest device has a powerful 
new processor that allows it to run incredible 
apps, speed through the user interface, and 
make everything feel snappy and quick. It’s 
also waterproof, so users no longer need to 
worry about getting caught in the rain. 

One of the biggest improvements in the latest 
model is that the iPhone 7 has a12-megapixel 
camera that takes impressive photos, even in 
low light. The lens inside the phone offers 
optical image stabilisation — it is held by tiny 
springs that can compensate for shaky hands. 
This means videos and photos are always 
crystal clear, thanks to a clever combination 





Waterproofing 
between hardware and software that smooths An adhesive around the 
out the shakes. screen, and rubber 


. . ; gaskets on every button, 
Viewing photos on the iPhone has also aldo wake tneipnene 


improved, thanks to a new, brighter display. It 7 waterproof. 
shows more colours thanks to a wider colour 

gamut (the range of 
colours that can be 
displayed on a device), 
and it features 3D 
Touch, which allows 
users to unlock more 
options within apps by 
varying the pressure of 
their touch. 

Apple has managed 
to pack all of this into 
an iPhone that is the st ; . 
same size as the | : poe -_ \ 1L)3 
iPhone 6S, which is , eee 
especially impressive 
considering the 
improved battery life 
that the iPhone 7 
boasts. The trade-off in 
this case is the loss of 


Nednend ay2] Sepfember 


the headphone jack 
— but with wireless 
headphones becoming Taptic engine 
more affordable, and ey eo 
. minute vibrations 

the iPhone 7's new through the phone when 
stereo speaker, there a on you press the home 

. e new screen on el one f SNOWS button, to make it feel 
still ea! ways to more vivid colours, and is 25 per cent like a button clicking. 
enjoy music on the go. brighter than the iPhone 6S display 
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The iPhone 7 is waterproof down to a depth of one metre for up to 30 minutes 









12MP camera 
The camera on the back of the 
iPhone boasts a wider 
aperture, a new lens design 
and a sensor that can 
compensate for flickering light. | ‘, | The iPhone 7 Plus 
: arma el actlearrellare 
Cameras - one 
fated [Ufe(=scwr- Im k= (2) ©) ale) Ke) 
lens for taking 
zoomed photos 






Apple’s A10 chip 
Apple’s latest chip packs 
four cores into an all-new 
design, and is more power 
efficient than the A9. 











Stereo speakers 

There are now speakers at the top 
and at the bottom of the iPhone 7, 
which is twice as loud as the 6S. 





Front-facing camera 

The seven-megapixel camera is 
great for selfies thanks to the 
wide colour capture mode it uses. 












Logic board 
This is where all the 
chips that control the 
phone can be found, 
including the wireless 
chips and many sensors. 








Ps 






Home button 

The new home ‘button’ isn’t 
actually a button at all - it’s 
touch-sensitive and measures 
the force of your press. 


“The iPhone 7 has a 12-megapixel 
lens that takes impressive photos: 


J 
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Views 
__ gems | | —=—\ On a clear day, passengers can see 
; = | | ee t= = iy a as far as the Isle of Wight in the 
yantekeldamace(= | _«Stiee a Ts SS a west to Beachy Head in the east. 
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Energy efficient 
The pod’s electricity demand is very 
low, at approximately less than one 
kilowatt-hour per passenger. 


The 1360 


The tech behind the world’s 
tallest moving observation tower 


fter a decade in the making, British Airways’ i360 is 
now open for business. The 162-metre-high tower has 
been constructed in Brighton by the makers of the 
London Eye, and is listed as the world’s most slender tower. 
For its construction, a 4,150-ton concrete foundation was laid 
over a bedrock of chalk and reinforced with almost 200 tons 
of steel. The tower has a unique design and is constructed out 
of17 steel sections called cans. Made in Rotterdam, the cans 
are bolted together and then coated with zinc, aluminium 
and paint to protect against corrosion. 

Members of the public can ascend the tower ina fully 
enclosed, glass observation pod. Taking as many as 200 : a 
passengers up to 138 metres in the air, the pod is ten times the i | | a F = ——_ 7 3 _— Siete 
size of aLondon Eye capsule. The system features energy- | | | = oh Fe Se 
capture technology, so energy from the descent can be 
recycled to generate half that required to power the next 
ascent. The glass is double-curved and double-glazed, 
allowing for 360-degree views of the surrounding area. 
Innovative air conditioning technology allows the pod to 
dehumidify itself, and prevent condensation on rainy days if 
passengers are wearing wet clothing. At night, the top of the 
i360 lights up red, providing both a safety light for aircraft 
and an iconic beacon for the city. 


The views from the tower give an 
laat-VAlavem ey-]ale)e-)ant- elm eloluamun(-Merlay, 
fo) msi alejalne)am-lalemuatem stale] lcam@var-lalarcy 










ighened glass, which was 
to size and fitted in layers 


es oe 


platforms | | ee) ee ea 
The i360’s glass pod aaa) Aq x —- Soo 
provides the UK’s 
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he daughter of a romantic poet and 

occasional freedom fighter, Ada Lovelace 

had a famous but absent father. She never 
knew Lord Byron, as just weeks after her birth in 
1815, he divorced her mother Isabella Milbanke 
Byron and left to fight in the Greek War of 
Independence. In an effort to prevent Ada from 
developing her father’s unpredictable 
temperament, Isabella decided that her 
daughter should devote her life to study, 
especially mathematics and engineering. 
Unknowingly, her mother had set Ada on the 
path to becoming one of the finest mathematic 
minds of the 19th century. 

Ada studied hard, undeterred by a sickly 


youth and the fact that society did not encourage 
‘4 y women pursuing interests in science. Her life 
iam . : changed when she met inventor Charles 


Babbage at a party. As he demonstrated a 


| AN talented : : ‘ S é \= » working section of his difference engine (a 
198) athem elalel an (4 =n, oy. 3 ee meee calculator), Ada was taken in by how 
: : ge — it worked and wanted to know more. Impressed 
evelel re | Olestsseierss > | oe ee gt by the 17-year-old’s obvious passion, the 


polymath became her mentor. She embraced his 
vision of creating a ‘thinking machine’ that 
could solve mathematical problems and then 
print the results. 

A finished difference engine was never made 
due to an impatient British Government pulling 
the funding. Babbage moved on to work onan 
analytical engine that would be able to handle 
even more complex calculations, using punched 
instruction cards and stored numbersina 


computer 
programmer 





The analytical engine drew crowds when it was put on 
display in 1843 at the King George III Museum 


ALIFE’S jas 


1824 1833 1835 





WO RK Ada is born on 10 Raised by her Aged 17, Ada Ada becomes 
December 1815, mother following meets inventor a countess 

A closer look at the the daughter of her parents’ divorce Charles Babbage after marrying 

extraordinary life of Lord Byron and after her birth, Adais ataparty and William King, 

one of science’s great Lady Anne Isabella encouraged tolearn §soonbecomes the first Earl of 

theoretical thinkers Milbanke Byron. maths and science. his protégé. Lovelace. 
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The big idea em 
How Ada paved the way forcomputing _ C @) J N ci - S S () F 
convilsed oh ahearaniealetar rasa i sec LOVELACE 


mathematical problems, but she took it much further. Q 5 a Q 5 ze 
Using how a loom weaves textiles as a metaphor, Ada’s oie a 
famous notes described how a system of letters, Bre 3 
symbols and number sequences could be coded into PI ONCE! 
repeated instructions. She estimated that forthcoming O ft | 6 felaa pu t i rate 
machines would be able to compose complex music and g 
produce detailed graphics, an amazingly accurate | Aare | a ere 
prediction of the future. The system of algorithms she 

created is called looping, and is still used by computers 
today. She effectively bridged the gap between 


calculation and computation and this is why Ada Lovelace A blue plaque is displayed at a house in St 
is often described as the first computer programmer. James’ Square, London, where Ada once lived 





mother, but she continued to take an active 


interest in study, socialising in intellectual 'S h © erm! D J a ced 
ns = the likes of Charles Dickens and B Og b ba aq CSV S IO NM of 
seein creating a ‘thinkin 


Ada stayed in contact with Babbage, who in 


1837 had a anew machine, a Mac A I Ne tha C C OL! d 
analytical engine. In 1843, Ada was asked to SO lve m at h em at ica | 


translate a French text written by engineer (and 


future Italian Prime Minister) Luigi Menabrea p [Oo b | CMmsad nd p [ | nt 
about Babbage’s new design. After completing t H eresy It S ” 


the translation, Ada was encouraged by 
Babbage to write her own notes on his work. 
After nine months of hard work, Ada 
presented Babbage with a detailed list of notes Ada’s contributions were a century ahead of 
that was three-times longer than the original their time. She died of cancer aged only 36 and 
article. In her calculations, Ada wrote what are her work was largely consigned to history until 
considered the first ever computer algorithmsto the1950s when her notes were republished. 


Ada studied hard from a young 
age and dedicated her life to 
. mathematics and engineering 


a 






be used ina newtype of machine. She Since then, the first Countess of Lovelace has 
essentially provided the firstideasforcomputer received posthumous awards, and in1979 the US 
programming in what was a groundbreaking Department of Defense named a programming 


proposal on the potential of computers. language ‘Ada’ in her honour. 





The difference 
engine was 
never fully 
constructed, 
until Babbage’s 
son used parts 
he found in his 
father’s lab to 
assemble what 
it could have 
looked like 


aif sl ball 4 


1837 1843 1852 1953 





Health problems After Babbage’s engines Ada passes away After much of her work i 2 EEE = Dama] fs 
begin with a bout become popular, Ada on 27 November, is forgotten, Ada’s Be Ste GF | 

of cholera, along translates a French article aged just 36. memory is reignited Hier : = Hay 
with lingering into English, while including Sadly, her later life after scientist B V Be are | Siem | 
asthma and new and revolutionary was marred by Bowden republishes her |. pees Corner . 

digestive issues. ideas of her own. poor health. findings in his work. ph te: eet 1] PELL MiBhkie 
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“Volcanoes could explode 
; ot any moment, and 
Berne | volcanologists make it their 
¥ business to explore them” 
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DID YOU KNOW? Stromboli in Italy has been erupting nearly continuously since the 1930s, and on and off for 2,c00 years 


Volcanology 


These extreme scientists get up close 
and pérsonal with active volcanoes 


olcanoes are some of the most wild and 
extreme places on the planet. They sink 
sated almpbelcohdelsweclevincvewelsr-Same)anelcmor-banem 
(elo) abalcreqm a avemmetcucacelevecomnisimenmelcmect-teaset-muetslmls 
normally hidden beneath. Some could explode 
at any moment, and volcanologists make it their 
business to explore them. 
Many different sciences come together to 
Ub aXe (=v acue- Dee mele\ Varco) (er-BelelecRuie)ace-PeLOMntsalcven-balel 
why they might erupt. Researchers need to 
know about the structure of the Earth, the 
chemistry of the rocks and how they interact 
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with other chemicals in the air or water. They 
also need to understand the physics of our 
planet, and what drives movement deep 
beneath the surface. 

Volcanologists travel all over the world in 
pursuit of active volcanoes, and live for a few 
months of the year out in the field. There’s no 
denying that this type of work is dangerous. The 
temperature of lava varies depending on the 
so) Carb olo pm oLUlmimer-BeBa=r-(elemel en iy(Baelcne)mmelele 
degrees Celsius. They also produce deadly gases, 
spatelhulobnereacienscoleclapatcme.bacteyamenleyelel-manuel(ael 


To predict 
eruptions 
Volcanoes are a 


threat to people, 
fe) ge) o=lanvar-lalem-]iceg-)ae 





To uncover 
ancient history 
VFe]e) eli aroma arom alike) ays 

fo) m=) a0] elad(e)alomere la) 

reveal the past. 





To learn 
about Earth 
AV(o) (or-] alol=kswor- |e K=y-[e1n 
us what happens 
beneath the Earth. 


collects in low-lying areas, and hydrogen 
sulphide, which has a strong smell of rotten egg, 
and can cause respiratory damage or even 
death. In 1991, the Unzen volcano erupted in 
Japan, killing volcanologists Maurice and Katia 
Krafft, and Harry Glicken. 

But accidents like this are rare. A lot of work is 
Loy aTeniraidemelsr-lome)moleyeest-Delmieyle.balelacpr- Belem (eye 
most of the year, volcanologists work safely back 
at base, crunching their data, analysing 
samples, teaching and remotely monitoring 
sV(0) (ors b aYercss (0) acy ed tsKOyar- LeU AULAYA 
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Under- 


Going under sla 


, labs 
Meet the research teams working at extreme depths Experiments deep 


below the ground 








Most of the world’s research labs sit at, or just Muons are some of the most irritating 

above, ground level, but some enterprising particles, and constantly appear at Earth’s SURFACE 

teams have buried themselves deep below the surface as a result of cosmic rays. The further | 

Earth’s surface. underground you go, the more are filtered out. BEC RVARGHY ‘ 
Our planet is a noisy place; the Sun showers us The deepest of these buried facilities is based ose Wager 

with cosmic rays, communication towers spit in China, 2,400 metres below the mountain's Lakerey 

out a constant stream of radio waves, and surface. The China Jinping Underground UNDERGROUND 

radioactive rocks and gases release a steady Laboratory is hidden inside a mountain, and to LABORATORY 

trickle of radiation. To get to grips with the add to its comic book credentials, the purpose of Under 

particle physics that makes the universe go the lab is to search for dark matter. anal 

round, scientists need to block out this static so This extreme research is at the cutting-edge of UNDERGROUND 

that they can examine the behaviour ofparticles science, andit continues to produce exciting and pecicualars 

in peace. To do this, they go underground. groundbreaking physics again and again. pie 


INDIA-BASED 
NEUTRINO 


SNOLAB’s SNO experiment explored a ots 


Proposed 
The Sudbury Neutrino Observatory detects neutrinos generated in the heart of the Sun ae 











Operational 


= ¥ > = . —— = a — GRAN SASSO 
i "rae uh BA Py th. . f | NATIONAL 

; : hid ace LABORATORY 
| | Norite rock , ae Pan, 





Heavy water 
The experiment uses 
1,000 tons of water 
containing ‘heavy 
hydrogen’ (deuterium). 


The observatory is buried 
two kilometres below the 
surface inside Creighton 
| mine in Ontario, Canada. 


1,400 M 








CENTRE FOR 
UNDERGROUND 
PHYSICS IN 
PYHASALMI 
FINLAND 
Operational 


SANFORD 
UNDERGROUND 
RESEARCH 
FACILITY 
SOUTH DAKOTA, 
UNITED STATES 
Operational 


MODANE 
. ! -_ - — 7 ; , , : UNDERGROUND 
q — al ' = ~ __ ll , LABORATORY 
SNO+ > |  —_— : enieeed aye 
i —— _ a (OJey=Veqluleyare)| 

The next version , ay ny Seay ae p 


of the experiment ‘ é' Oo  — BAKSAN 
will use linear alkyl 3 > of fier = REEL CUETO AY Sooo 
benzene instead of : — | a | a RUSSIA 
heavy water. } > “\\ Operational 
a | ~ | From the outside, these AGUA NEGRA 
| | labs look like any other, SURES SENG 

but underground they’re SITE 


CHILEAN- 
at the forefront of physics ARGENTINE 


BORDER 
Proposed 


SNOLAB 
OFAN NVANYAN 
Operational 


- a ™ = " : iB a th | by _ ie 
: ~ —— Dd ENTE eis i'n re ae DY | 2,200 M 
. : : j |. ‘gi ' | re oi * 
~ 2 =— a FS Oe Fata ; , 
a = - : : a j ne" . a 
j . ol». “' a e = r 4 oe le 


| | oo wy aa 4 


| Photomultiplier tubes 

- 9,600 photomultiplier tubes 

] . mounted around the chamber 
n" 
















surrounded by a shield 
of normal water. 


CHINA JINPING 
The SNOLAB SNO detector UNDERGROUND 
_  usesa sphere of heavy piamaidlr sts 
* water to observe neutrinos Operational 2,400 M 


Reaction 

The heavy water reacts 
with neutrinos, producing 
Cherenkov radiation. 









detect the radiation. 
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Wy facilities 


DID YOU KNOW? The deepest dive ever made by qquanauts was 10,911 metres 


Research in the clouds 


Ai atomeavde-lanlcem (aitclaat-iule)at-]m m=] ele) e-lne)a\/A@)es-\-1a\7-180) a, 
KS oX=) ce aise mr-lante)alemaat=Manele lait] latcme) mance ml iaatelte\ eee 


at the base of Mount Everest. Far from civilisation, 


the facility utilises renewable energy in the form of 


solar panels for energy, and relies heavily on food 
deliveries to keep its inhabitants well fed. 


Under the sea 


At just over 5,000 metres above sea level, it 
fe)ge)vdle (=u Olayle [Ur=m=lanvlaevalant=\almnce)arcvel(=)aldiile 
studies. At this altitude, not only is the climate and 
Vahviaelalpatcialee (ince) celal em dal=m ale] aar-lal exele\var-| icv) 
behaves strangely, and there is a clearer line of 
sight into outer space. 


The Pyramid 
Taimelearelaleyarel 
La boratorye.. 


Living and working underwater is more than just science fiction 


The Florida Keys are home to the Aquarius Reef 
Base, asubmerged laboratory run by Florida 
International University, which sits nearly 15 
metres below the surface of the sea. At this 
depth, the pressure is around 2.5 times greater 
than it is on the surface. The lab sits next to one 
of the largest coral reefs in the world, providing a 
unique viewpoint to study these incredible 


d 


The lab comes 
complete with a 
kitchen, bedroom, 
and toilet. 

















Communication 

The aquanauts are monitored 
constantly from the shore, 
and have on-board internet. 
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ecosystems up close without the risk of 
disturbing them. 

The base’s inhabitants, known as ‘aquanauts’, 
train for five days before descending to the lab. 
They live at underwater pressure without 
returning to the surface for up to two weeks. 

A floating life support system, complete with 
power generators, air compressors, and 


communications equipment, keeps them alive, 
and when itis time to come back again, the 
entire station decompresses slowly, allowing 
their bodies to adjust to normal air pressure 
before they swim back up. 

Not only do scientists use the base to study the 
environment, space agencies send astronauts 
there for training and mission simulations. 


Life support 

A nine-metre-wide buoy floats 
above the station, providing 
power and compressed air. 


Steel habitat 


Wet porch 

Aquanauts enter and exit 
through a ‘moon pool’ 

that is open to the water. | 





Baseplate 

The structure is anchored to 
the seabed by a baseplate 
weighing over 100 tons. 


The lab and living space 
is 2.8 metres wide and 
13 metres long. 
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ife on 
the ice 


Hundreds of scientists brave 
Antarctic ice each year to 
experiment in this 
unforgiving environment 


Antarctica is the only continent with no native 
human inhabitants and no permanent human 
residents, but visiting scientists make this 
isolated continent a temporary home. During 
the summer, a few thousand people arrive to 
begin their experiments, and in the depths of 
winter, a few hundred remain to keep the 
buildings and science ticking over until the 
place warms up again. 

With average temperatures of -12 degrees 
Celsius at the coast and -60 degrees Celsius at 
high altitude, it’s no wonder that the scientists 
don’t remain all year round. Food and supplies 
can be delivered during the summer, but when 
winter hits the resupply stops. For some bases, 








this lack of fresh produce can last for ten months 


of the year, and the inhabitants must rely on 
frozen and canned stores. 

Once these basic needs are 
taken care of, the stations are 
relatively safe places to stay; it’s 
venturing out to perform 
experiments that poses the 
biggest danger. Research teams 
travel by sledge or air to key 
locations, and camp out inthe 
wild until they have the data that 
they need. 

The weather in the Antarcticis 
unforgiving. Fog can descend over 
the ice, creating a whiteout and 
makingitnearimpossibletomake | — 
out the difference between snow 
and sky. Under these conditions, 
the crags, cliffs and sheer drops in 
the ice become invisible. 

In the field, research teams shelter in tents 
and huts specially designed to resist the 
weather. Airbeds and sheepskins keep them as 
far from the frozen ground as possible, and 
insulated down-filled sleeping bags keep them 


warm. Layers of woollen clothes, topped off with 


wind and waterproof outerwear are also used. 
Each scientist has a ration box that provides 
3,500 calories per day, and human waste often 
has to be brought back to base when they’re 
done to protect the environment - that’s right, 
even the nasty stuff. Antarctic research is tough. 
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Syowa Japan 

From this research station, 
Japanese scientists have studied 
the ozone layer, meteorites, 
climate change and aurorae. 


__ Antarctic bases 


PAV olelalemel@ Morel elal ug (=s-Mo) ol=) es] ih 

research bases in Antarctica. 
ew of them . 
oN =" 
oes - 


| 
“| 
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Troll Norway 
This station closely 
monitors the sky, 
measuring ultraviolet 
light and examining 
the weather. 


y 





Davis Australia 
Located near to 
Antarctic lakes, this 
station gives scientists 

§ the opportunity to study 
4 extreme microbes. 


P 


Rothera UK 
The largest British 
Antarctic research 
station conducts 
biological research, and 
includes an aquarium. 































roa. 
Vostok Russia 

This research outpost is 
investigating Lake Vostok, which 
was successfully reached by 
drilling through the thick ice. 


Amundsen-Scott US 
This station sits right at the 
geographic South Pole. It mainly | 
performs astrophysics research fF 
and astronomy. 


Concordia France & Italy 
Described as the “remotest base 
on Earth”, this is used by the 
European Space Agency to plan 
missions to other planets. 


Scott New Zealand 
Positioned at the edge of the 
Ross Ice Shelf, this mainly looks 
at climate change and 
environmental impact. 


A diver dressed 
in thermal 
protective gear 
takes an icy 
plunge for 
underwater- 
based research 


The IceCube 
Neutrino 
Observatory is 
buried deep 
beneath the ice 
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DID YOU KNOW? There is an Antarctic post office, based at Port Lockroy, and each year job applications open up for new staff 








Communications 
Cut off from the world for 
months at a time, the base 
is connected by satellite 
communications. 






















Halley VI base 


This British research station 


is perched on an ice shelf Modules 
that moves half a metre into The modules are strung 
the sea every day together in a chain, with 


bedrooms on one side 
and labs on the other. 


Keeping active 
The base even has its own 





climbing wall, which helps Climate 

the staff to exercise inside. monitoring 
Halley is a crucial , . . 
base for monitoring | Location, location, location "7 / 
long-term weather . | The hydraulic legs are fitted with skis, Pe 

Natural light and climate trends. allowing them to be towed as the ice ~ 












A strong glass ceiling shelf moves. W = 
allows sunlight into 
the base. = a 


Entertainment 
The base is equipped 
with a library, 
television, computers 
and even a pool table. 










Hothouse 
Plants are grown 
on-site inside a } Ly 
hydroponic hothouse. n@, 





Elevated 


= Stairwells provide the 


“Venturing out to perform experiments aml Catch rie te 
PpOoSeS the biggest danger” in or out of the base. 


© Getty; Shutterstock; Anthony Dubber; 7-t; Hugh Broughton Architects ; Felipe Pedreros 
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CERN laboratory 
The main facility is above 
ground. Here, protons are 
stripped of their electrons 
and accelerated below. 








Compact Muon 
Solenoid 

This detector has similar 
goals to ATLAS, but is 
looking in a different way. 


Super proton 
synchrotron 

Protons are accelerated around a 
seven-kilometre ring before being 
fed to the the LHC. 















ears 


— = _CERN.Laboratory = 
i 


ALICE 


This heavy ion detector is | a | 
investigating a type of | — a — 






matter that might have a oe Circumterenes 27 = 
formed after the Big Bang. wa | | mn _ km g 
| ee LHC beauty 
This experiment is looking at 
| | Transfer tunnel ‘beauty quarks’ in an attempt to 





learn more about antimatter. 


Fast-moving particles 2 
are shuttled clockwise 3 
or anticlockwise into 

the main LHC ring. 





Large Hadron Collider 
The 27-kilometre main ring 
accelerates particles to very close 
to the speed of light. ATLAS 


This multi-purpose | y 

detector searched for Hidden beneath the Earth is a 
the Higgs boson and vast network of complex 
now dark matter. physics experiments 


Extreme physics 


CERN is the world’s largest, and most famous, physics lab 


This underground physics lab is one of the most universe - they should, theoretically, be equal. 
cutting-edge facilities anywhere on the planet.It Theyarealso still experimenting with the Higgs 





is located across the border of France and boson - a particle that is important for pee is one : an 'S 
most Tamous aetectors 

Switzerland, and is jointly operated by 22 explaining why other particles have mass, wireqaekictacearch 

member states, together known as the following its discovery. And they want to learn for dark matter 


‘European Council for Nuclear Research’ (CERN). 
The facility is home to the world’s largest 
scientific instrument, the famous Large Hadron 
Collider (LHC), which is used to explore the 
fundamental structure of the universe. 

The LHC isa ring-shaped particle accelerator, 
measuring a staggering 27 kilometres around its 
circumference. Particles are fed into this ring, 
and over 1,500 superconducting magnets guide 
them around this underground racecourse at 
almost the speed of light, until they violently 
slam together. 

CERN assures us that there is no danger of 
creating a world-ending black hole; the main 
purpose of these experiments is to search for 
answers. The CERN team want to find out why 
there is more matter than antimatter in the 








046 | How It Works WWW.HOWITWORKSDAILY.COM 


DID YOU KNOW? CERN isn't just famous for physics: the World Wide Web was invented there In 198g by Sir Tim Berners-Lee 





Science in space 


The ISS is one of the most impressive laboratories ever built 


The International Space Station is one of the 
greatest feats of human endeavour. This orbital 
laboratory circles the Earth at a height of 400 
kilometres, with a permanent crew ofat least 
three astronauts. Away from the fierce tug of 
Earth’s gravity, the crew and equipment 
onboard are weightless, and in this strange 
environment all kinds of different experiments 
can be performed. 
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BCom lave(=)a-)e-Jale) 
fo) UL =) aj o y= [ore] 
This unique 
reYanvdl ae)alaatsial are) | (eds 
constant access 
mom aalrergele| e-\V18'A 


Ce eeeccresesecsceeecesecsseesecseosoes 





AKomaateyalixeys 
the Earth 
aM are\vaeor-l amc lceramalenuy 
the Earth changes 
over time. 


Cece rcccesececsseseseeseceeeseeeeesese 


For the future 
The ISS is a test area for 
Ul dU gow le)alepaneigaal 
space missions. 
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Microgravity has strange effects on fire; this 
equipment allows astronauts to study it 


Microgravity affects the way that living 
organisms tell up from down, and it changes the 
way that chemicals behave. Experiments on 
cells, small animals, and the astronauts 
themselves, are helping scientists to understand 
the impact space has on life. It’s the perfect place 
to test new ideas and technology for future space 
missions, and itis also a great spot to monitor 
AV okclmesw ots) 0) olsvebuatemey-lelqe)emmetcwar-Danemel-)teiia 


ee 
Kate Rubins, 
was the first 
person ever to 
sequence DNA 
in space 


Ul aar-lamexcii is) 
for-] a ol-e] ge)uval 
on the space 
ire 1a (ola mie)s 
experiments, 
like these 
stem cells 






Seriously 
scary science 


From twisters to diseases, these 
scientists are on the front lines 





Chasing storms 


These extreme-weather scientists run 
towards dangerous storms in specially- 
adapted vehicles. Carrying cameras, 

(oxo) aalaalelal(or-iuie)atsm=ve[6l|e)gal-lalem Blo)e)e) (lal g-lel-] 63 
and weather balloons, they get up close and 
personal with tornadoes. 





predator studies 


ma anvasile) ole | Ksimcer-] ale Mexe) aisX=) avs] 8(0) al 1 some) a 54 
with some of the most dangerous animals 
‘oyamdalow e)t-lal-em ola lare| [ave mel geyerele||(=s-em lle) aloe 
lolste] pore] ale =) (=) ©) ar-]aleomele\ iam Kem ol-mt-[ele(-\op 

iu golo1 (ale W- ale mct-lanle)(cren 





Trieste 
disease 
scientists 


macy iclal al ale mmexe)aiuae)iiiatemelaremerelalareme(=t-lel hy 
infections takes years of research. Scientists 
NiVce) ddl ale me) ame |isi=t-Ki-som |< ot ole) F-Malctremneme(=is 
close to samples in their labs, but not 
without layers of strict protection. 
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Chemical @0°.¢ 


bonds 


Bonding between 
chemicals is a simple 
matter of attraction 


o understand the types of 

chemical bonding, we should 

first consider what the atoms 
of our universe are made of. To do 
this, we can use a simplified analogy 
of atomic structure by picturing an 
atom as a star being orbited by 
planets. The nucleus is the star, 
which is formed of positively charged 
protons and neutrons that have no 
charge. Negatively charged electrons 
are the orbiting planets. 
In anatom’s native form the number 
of electrons and protons are equal, 
which gives the atom a neutral 
charge overall. But other atoms are 
also attracted to these electrons, and 
when they’re shared or stolen, a 
chemical bond is the result. 


How chemicals are bound together is 
largely dependent on how they share 
their electrons 
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This type of bonding is strong and allows for the 
conduction of heat and electricity. Metals achieve this by 
universally sharing their electrons, becoming positive ions 
in a ‘sea’ of fluid electrons. 





ed 


Oo 





When an atom is less attracted to its outermost 
electrons, and another is greatly attracted to them, the 
electrons can be donated. This forms two ions - one 
positively charged and one negatively charged - that are 
attracted to each other. 


Electrons 


So. . Metal lons 





Hydrogen ] > rs 
bond 2 fe 


my (| 


Hydrogen atoms carry a partial positive charge when part 
of a molecule, and form weak bonds with atoms of high 
electronegativity, which carry a partial negative charge. 
Many molecules can be bound via hydrogen bonding. 







Electron 
from carbon oor 
hydrogen 





eee eee 


These bonds occur in nonmetal atoms that share 
electrons. When both atoms are quite strongly attracted 
to their neighbour’s electrons, they can both make use of 
them, and will become bound together as molecules in 
the process. 


DID YOU KNOW? Brandy ts thought to be especially nasty for hangovers due to chemicals introduced in the distilling process 
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Brain 

Dehydration causes a decrease in blood 
volume, reducing the flow of blood to the 
brain. The reduced oxygen supply can 
cause a headache; but this symptom may 
also be caused by cytokines, which can 
also inflict feelings of fatigue and nausea. 
Cytokines are usually at work within the 
immune system, but studies have shown 
that alcohol can trigger their release. 





Liver 

The liver metabolises alcohol arriving in 
the bloodstream by first converting it into 
acetaldehyde, a toxic compound related 
with feelings of nausea and vomiting. 
Acetaldehyde is eventually broken down, 
but the amount of time the compound 
remains in our system varies from person 
to person. 


Anatomy of 
a hangover 


What makes us feel a little 
worse for wear afterNew 
Year's Eve celebrations? . 





Stomach 

Around 20 per cent of consumed ethanol 
enters the bloodstream through the 
stomach, but the speed of this absorption 
can alter significantly depending on what 


Party time ~ Ne 
We’re spoiled for choice when it comes 

to choosing which alcoholic drink we 

fancy. Different concentrations of ethanol 


are found in beers, wines and liquor, but . re drinki athe 

packing more alcohol into a smaller MS TS CHENG aNele ne net HIE Werate: 
Siac ici Lae Gai aco Rana . Alcoholic drinks with much higher 
eoeputestorn ae bee var | concentrations of ethanol will enter the 
Gare dviakealée fceriaae a of ¥ bloodstream quicker, but a full stomach 


; % will slow down the absorption process. 
congeners - chemicals produced during % 


fermentation - that have been shown to 
contribute to negative symptoms. 


Dehydration | 

As well as passing more water than ‘ 
normal when ethanol is present in our 

system, we also lose considerable 

amounts of electrolytes such as 

potassium and sodium. These important 

salts and minerals are lost in urine and in 

sweat, and their loss is linked with nausea, 

headache and fatigue. , 


Small intestine 

The remaining 80 per cent of consumed 
ethanol is absorbed via the small 
intestine. Here, it enters the blood stream 
and travels to other organs in the body. 
But our intestines are also home to 
bacteria, which may metabolise some of 

the alcohol and convert it into a toxic 
compound called acetaldehyde. 


Bladder 


Ethanol is a diuretic, which means it | 
causes us to pass more urine. The 

consumed alcohol acts on the brain’s 
pituitary gland, blocking the release of a 
chemical messenger called anti-diuretic 
hormone. As its name describes, this 
hormone usually prevents us from feeling > 4° 
the urge to urinate so often, but we can * : 
become dehydrated in its absence. 
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- Food 








Weare ina constant . 
foodwarwith __, 
aableigelelsscnelsicajeaabearsre! 
to eat our meals 


_ ur lives revolve around food, 
but so too do the lives of 
microscopic bacteria and 

fungi. They are in the air, in the water, 
on the kitchen counter, and if left 
Mbstelatstelicctemdetsvanvell Mo) leressek-beve! 
spread throughout our meals, turning 
cXohle)(epcelelomselcopavvanvmesletsemp.velomianel= 
microbes aren't at it, molecules called 
enzymes, present naturally in plants 
and animals, will also have a good go 
at breaking some foods down, and 
oxygen will gradually turn fats rancid. 
Therefore, food preservation has one 
fundamental goal: to stop, or at least 
= slow down, this process. 


Canning 

Putting food inside a 
sealed container and 
heating it to kill any 
microbes is a really 
effective method of 


preservation. Once the 
contents of the can have 
been sterilised, nothing 
can get in to start 
breaking the food down. 





Freeze-drying 
This is a step up from normal drying. 
Rather than heat the food to evaporate 


the water, it’s frozen first and the ice is 
converted to gas in a process called 
sublimation. This helps to keep the 
structure of the food intact. 
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Pickling 
Vinegar is acidic, and this 
causes serious problems for 


microbes. The acid affects 
; : their molecular machinery, 
twisting their enzymes out of 


shape and stopping them 
from functioning properly. 
Without enzymes, life quickly 
comes to a halt. 


Desiccation 

Removing moisture from foods makes 
them unpleasant places to live. The aim 
is to get the water content down to 
below 25 per cent, at which point lots 
of microorganisms will struggle to 
survive. All life on Earth needs water. 


Freezing 

Taking the temperature of food below 
zero doesn’t kill microbes, but it does 
slow them down. They enter a state of 
suspended animation, and don’t 
reproduce until they’re warmed up 
again. But freezing food too slowly 
can create ice crystals. 


= 
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DID YOU KNOW? 3,000-year-old honey found in the Egyptian pyramids ts still edible, thanks to sugar, acidity and lack of water 
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Smoking 

This preservation method has a 
combination effect. Heat kills microbes, 
and the chemicals in the smoke itself slow 
or stop their growth. And, as the food 
smokes, it dries out, removing some of 
the water that organisms need to survive. 


Fermentation 

It might sound counterintuitive, 
but this preservation method 
works by actually allowing 
microbes to break foods down. 
Some yeasts and bacteria are safe 
to eat, and they produce acid or 
alcohol that help to stop the 
growth of nasty bacteria. 





Vacuum-packing 

This method works by removing air 
from around the food - like us, 
some microbes need oxygen. 
However, some can survive with 
very little, so vacuum-packing 
needs to be combined with other 
preservation methods to make 
sure the contents stay safe. 
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oe i Chemical 
: eee eee 


Many preservatives change the taste and 





texture of foods, but there is another option 
that’s widely used in prepackaged products. 
These are chemical preservatives, and they 
don’t just keep food fresh, they also help to 
preserve its colour and taste. et 
There are three main types: antimicrobials aft teas 
o] Ke) ou al=Me] co)ad ame) im anl(ergele)acey-lal jaa SE abt 
rel ahaley.4le l=] al ecw} ke) OM r-]ecMele) | alem e-latel(e Mirclare mm ual= Etisal ‘ 
others help to destroy enzymes. ks pier sh 
(@Xovanlaaelan lasclavelaictmlarelele(-MUl/ealele fiat em tuny 
fel Coy (e(-MWY/ al (ela Ml x=s3) oLelalsil e)(-Mielal <-\-)e)latemelal=te! sropher tek 
apricots orange. Nitrates and nitrites are used to ah a4) 
preserve meats like bacon. And ascorbic acid enter 
(W7it-lanliames mer-]amal=)|omeemcine)omiaeliccmaelaalialeme)geiia ae wiht 
after they’ve been cut. yaa 
Sager nA 
Soft summer fruits can become + 
fuzzy with mould in a matter of 
», hours, but sugar helps keep 
Salting <= them edible for months. It works 
This ancient preservation method =~ inavery similar way to salting, 
works by dehydrating microbes. * but with sugar, the end result is 
The salt draws water out of their a -; asweet treat-like jam. 
cells, stopping them in their tracks. i 
It also interferes with the 
molecular machinery that 
microorganisms need to survive. Ee ee | SCO WA - 3 
However, some microbes can ia} “oe inte tak 3 ” . ‘Processed foods often = preservatives addedto 2 
tolerate more salt than others. Othe ar cha Sastre ees _ help them last longer E 
sagt ( : ' : 
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Sensitive teeth = 


for those with 


Why can eating cold foods be painful, sensitive teeth 
and what can toothpaste do to help? 


f you've ever sipped on an ice-cold drink and Luckily, the problem can often be treated by 

felta sharp pain in your teeth, then you've simply changing your toothpaste. Special 

probably suffered from tooth sensitivity. It’s a desensitising toothpastes contain ingredients 
common condition caused when the softinterior that block the channels within the dentin layer, 
layer of your teeth, known as dentin, becomes stopping anything from getting inside. However, 
exposed, allowing hot or cold substances to ifthe problem persists, then it’s best to see your 
reach the nerves inside. dentist for alternative treatment. 


Getting to 
the nerves 


How do teeth 
become sensitive? 






Enamel 

The hard, white shell that 
covers the top of your 
teeth can wear away, 
exposing the dentin layer. 


Dentin 

This soft substance 
inside your teeth 
contains thousands 
of microscopic 
fluid-filled channels. 


Gum tissue 

The connective tissue in 
which your teeth grow 
can pull away from them, 
uncovering the dentin 
layer beneath. 





YT, 





—* 
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Tubules Pulp tissue 
Heat or cold travels down the Nerves inside the pulp tissue 
dentin channels towards the pulp become stimulated by the external 
tissue at the centre of the tooth. factors, causing feelings of pain. 








‘se 
™ 
. & 
» 
‘ 
a 
w 


mi , 
y a .* a 
Pa -- * 
2 7 # - - 
> gm 
oe * " - 
‘ J —- _ 
. - = —— 







What causes human skin to turn yellow? See, 

aundice, also known as icterus, isa term slower to remove bilirubin from the blood than eres Pee aes habs 

used to describe the yellowing ofthe skin normal, but the symptoms usually disappear : 

and the whites of the eyes. It is caused bya after a few weeks with no need for treatment. . : 
build-up of a substance called bilirubin in the However, if the jaundice becomes more . E 
blood, which is the yellow-coloured waste severe, it can be treated using phototherapy, | y i 
Jo) cole lbLeim o)aerelolecremnsarcveney(omacrome)(elelemabks which involves using blue coloured light to we. : 
break down. Normally, bilirubin is filtered outof break down the bilirubin in the blood. les iene oP ¢ A | E 
V0) 00 alo) ColelolsinacrebeeMenvayeles@eny(cya-belemaalsyel Alternatively, the infant could receivea ig Ve oy %, A : : 
excreted, but people with conditions affecting blood transfusion, giving them = 5 ee male = 
their liver can be left with an excess of the more red blood cells to . = aoe at | ‘ 3 
substance, which can leak outintosurrounding counteract the bilirubin. ; =) eee By Lialy i tate OL ee F 
body tissue. Treatment for jaundice in adults 

MV abOCcH-oADULuct-WaeKe)lo(-yarelobl leba-yeNer-bole-1i Phototherapy canhelp = "- and older children typically 2 

: rae . : break down the excess | involves treating the underlying |= 
jaundice, itis most common in newborn babies. bilirubininanewborn © - condition that’s causing it Z 
As an infant’s liver is still developing, it can be baby’s blood ain es | iA ® 
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TELESCOPES 
www.harrisontelescopes.co.uk tecn ms 1, - 
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NEW FROM CELESTRON \ 


AS TiIRO Fi. 


DISCOVER THE SKY IN WiFi 


WiFi RANGE FROM £385 — 


EXPERT ADVICE & LIFETIME TECHNICAL SUPPORT 
AUTHORISED DEALER FOR ALL THE TOP BRANDS 


HELIOS 7x50 & 10x50 
SKYMASTER PRO 15x70 
28x110 GIANT BINOCULARS 


DIGITAL SLR CAMERA ADAPTERS FROM - 
Turn a toy into a fully Move over Bond ... make Build advanced robots 
MAINS 5 AMP POWER SUPPLIES - programmable ‘bot in your own gadgets in and battle them in 
SK YWATCHER LIGHT POLLUTION FILTERS - Robot Brain Surgery Gadget Factory Robot Inventor 
QUALITY MOON FILTERS FROM - ~ 7 


tt pe 


xe Oe Oe } 
+t Design & build a Build & Fly Your Own Design your own 
HiFi audio system in Advanced Drone in games and game art in 


Bluetooth Speakers Quadcopters Game Design 1, 2 & 3 


NEW VENUES for 2017... 


Abingdon 
Coventry 
Chelsea 
Harrow 
Weybridge 
Winchester 


Come as a day camper or join hundreds of other young people from 
around the UK at our flagship residential camps where you have your 
own en-suite room and spend evenings playing laser tag, disassembling 
electronics and much more. 


Want to Know More? 


@e@e@e@e00080008080 

Tech Camp is the UK’s original camp of its kind and remains the only one 
specialising in teaching coding through advanced take-home projects. 
It’s perfect for creative youngsters who like making things (or taking 
them apart!) or show those who are forever playing games how to start 
designing their own. 


We have tutors from the likes of Cambridge & Imperial, maximum 
groups of eight, and exclusive courses not available anywhere else. 


AWAY VA Coles alor-lanleMe)ce Mel @mmlaicec@utcreraler-lan)eKe)ce Mel GMI MM KoMCIeLO Rolo 40) 








Meet the fleet of new wave ships | 
that are giving sail powera2ist 
century makeover : 


nce upona time, sailships dominated the 

seas. Yacht-like clippers raced to be the 

first to bring back tea, spices and even 
gold from Asia to19th century Europe. Perhaps the 
most famous was the Cutty Sark, which broke 
records when it sailed from London to Sydneyin 


little over 70 days, reaching speeds of over17 knots 


(31.5 kilometres per hour) in the process. : 
Trailing behind the clipperswerethemighty — 
windjammers, which carried up to 5,000 tons of 


heavy cargo, such as lumber, between continents. _ 


Even with five large masts and broad square sails 
they averaged approximately 7.5 knots (13.9 
Keto aatsingersy olsyaslolona —= 
Both clippers and windjammers were reliant on 
following the prevailing winds to circumnavigate 
the world. The opening of the Suez Canal in 1869 
signalled the end of the age ofsail. It offereda = 
shorter route from the North Atlantic to the Indian 
Ocean, but travelled inland where winds were 
weakest. Steam ships became the preferred 
option, then the more efficient diesel engine. 
Shipping continues to be the main way we 
transport goods today. In fact, shipping has grown 
by 400 per cent since the 1970s, and there are now 
an estimated 100,000 ships at sea carrying the 
products we consume. In our globalised world, 90 
per cent of our international trade is now 
iucsDorsjoleyarcromit- Ad elencicrs bp sl0l ma elcwlopt-Daccrsimer bere) 
ships can produce as much sulphur pollution as 
800 million cars. 
WMobtspisphemoy-Vamele(cncokqeelr-beelsvacjeblecneveaenbers 
low-grade ‘bunker fuel’, which is even more 
harmful than the refined petrol we use in cars. 
Regulations exist to control shipping emissions, 
lolbiadatenetsbacavaolmoy-Danlellace-lacwel-lelen(clemneney 
H(exs} oL0) atsH Lo) (poem alelelct-belelsKe)waleveat-bekel=rclaetsKers(ele} 
year. Organisations like the Sustainable Shipping 
Initiative are working to reform the industry by 
2040, but climate change is moving faster. 


054. | How It Works 





















Self-standing masts 
The three masts each contain 
five sails, which total 2,400 
square metres of sail area. 


= 


However, a new generation ofsailors and ship 
builders may have an environmentally friendly 
solution, which will draw on the past in order to 
save the future. The last decade has seen | 
traditional sailing ships refittedtotransportsmall 
quantities from the tropics like the clippers of old. : 
~ Meanwhile, the rising cost of fuel is also forcing : 
Leyte businesses that transportvast quantities to — 
innovate, such as experimenting with modern 
ianvatsiicneyem ercmeltctsish (earvanalesf-vaaben-)ep-Veleunala 
Iolo vacate lhyaned elon icclale)etcxeyaiuteceg ele i(oe-veeut 
limited to-cargo transport, with even luxuryyachts 
like the Maltese Falcon utilising sails. 


— 





“The 16 largest. 
carge.ships can 
-produce as much 
- pollution. as 800 

million-cars™ 


= 
_ += 


Hydraulic system 
Rather than using ropes to 
adjust the sails, a hydraulic 


system is used to rotate 
the masts so the sails can 
catch the wind. 
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Currently the shipping industry is expected to contribute to 6% of global green house emissions by 2050 








Rotation 
A lack of rigging allows the 
masts and yardarms to be 

rotated without restriction. 















a - ieee §=6Stored inside the mast, the 
' sails can be unfurled along the 
yardarms in only six minutes. 





— 











Computer control 
The rotation of the sails can 
be controlled using a 
computerised system, with 
96 fibre optical sensors on 
the spars providing feedback 
to the captain. 
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classic sail ship, the Vinds 


airplane designs. Thesh 


hape ofa plane’s 
than sailing wit] 





Cruise control 
The Vindskip also has an 
engine to keep a constant 
speed, even in low wind. 















High speed 

No matter the course, the 
Vindskip can travel at average 
speeds of over 16 knots (30 
kilometres per hour). 










Computer analysis 
Specialist software would 
calculate the best routes 
based on the weather and 
prevailing winds. 





Easy access 


The cargo ship could transport ———— 
7,000 cars, which would be driven age 


Emergency escape 
The Vindskip would have 
lifeboats that drop from 
the ‘lip’ around the top of 
the boat. 


UINDSKIP 





Wing-like design e- : 
The hull is shaped like a —_——— 


symmetrical airfoil, so sailing into = = 
the wind propels the ship with 


in and out of a side-hatch. a “S== aerodynamic lift. _— —— 
Se 





The Tres Hombres transports 
laatexe(=laamer-|ge(omelam-Macleleliis 
1940s minesweeper 





Around go% of world trade is transported by the international shipping companies 


A HIGH-FLYING FIX 


Automated sails can reduce the amount of fuel 





existing ships use 

While there are lots of ideas for new wind-assisted amount of fuel today’s merchant ships use 

ships, most are only at the prototype stage andare immediately by retro-fitting them with tech to 

several years from setting sail. Meanwhile, 50,000 harness wind power. 

cargo ships will continue to pollute and contribute to Based in Germany, so far the company has 

climate change. equipped five ships with the kites. While they are not 
Even once the Ecoliners and Vindskip concepts are as powerful as sails, when flownat high altitude 

perfected, it will not be cost- effective for many (where the wind is more powerful), these paraglider 


operators to replace their existing fleet straight away. wing-shaped kites can add up to 2,000 kilowatts 
SkySails offer a tangible of drive power in good wind and 

alternative that can offer average fuel savings of 

reduce the two to three tonsa day. 







Existing ships can be retro-fitted with 
SkySails for a wind power boost 


Supersized kite 
Depending on the vessel, 





Electronic control Generating lift the kite has a surface area 
The kite can be remotely Like an airplane’s wing, of between 150 and 600 
controlled using a console airflow across the kite square metres. 

that’s installed in the creates a difference in 

ship’s bridge. pressure to produce lift. v 


-— 7 


Cable connection 











sesce The tear-resistant rope Is 
% long enough to fly the kite 
tS : up to 300 metres above 
" sea level. 


Kite crank 

A hydraulic winch on 
the ship’s foredeck 
limits how high the 
kite flies. 


Teel 














Smart installation 
The SkySail is intentionally 
designed so that it doesn’t 
take away froma ship’s 
Cargo space. 


Wide-ranging 

The kite can work over a 
range of angles to the 
wind, so the ship can take 
a course up to 50 degrees 
skewed from the wind. 


© Alamy; Illustration by JoSmolaga; BBC; Lade AS 
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Thrust, drag, weight 


| 
and lift all play a key 
‘ya mmlamale\ ware] a 


airplane moves \ =——— 
is (0) aatet(ercle)len eycbela)tspelaliok= Be) (Valen Falco 
off and land safely 


saplane is taking off, itneeds to 
generate lift to be able to get into 
the air. Flaps arehinged surfaces 
its Rudder 
attached to the rear of both wings. . an airplane C 
: : ee el ! sont an airplan ontrolling yaw, the rudder 
During take-offthey move -_ makes the plane change its 
downwardsin: creasing x | horizontal direction. 


theareaofthev ndproducing ¢ j Winglet 

ee Jie a , \ Positioned on the tips of 
4 both wings, winglets help 
to reduce drag. 




























| Horizontal stabilisers 4 
These keep the aircraft flying ina 

straight line and prevent the 

aircraft from straying off course. 


\ 





Y 
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Elevator ig 


These panels help the aircraft 
to climb and dive by altering 
the lift on the tail of the plane. 











Leading edge slat 

On the front of the wings are 
Ailerons slats that assist flaps in 
These metal panels that are placed changing the shape of a wing ew: 
near the wing tips help to turn the to increase lift and drag. 


Orange = Slats and flaps 


aircraft by raising one panel and = Primary flight controls 


lowering the other, changing the lift 
forces on each side. 
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From the makers of W@RKS 


ANSWERS 
‘QUESTIONS 


If youre Curious about the world we live in, you've come to the 
right place! With sections on Environment, Technology, Science, 
Space, Transport and History, the Book of Amazing Answers to 
Curious Questions is sure to satisfy your hunger for knowledge. 
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Whether you love gaming, history, 
TEES animals, photography, Photoshop, 
HPS sci-fior anything in between, every 
8) magazine and bookazine from 

i a magne Publishing is packed with 
a tt yexpert advice and fascinating facts. 
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Jaguar |I-Type teardown 


The British luxury car brand's first foray into 
Formula E, the pinnacle of all-electric racing 


Steering 
he third season of Formula E has welcomed a new Rack and pinion steering 
tit ‘oo hestarh id h enables the I-Type to handle 
competitor onto the starting grid. Jaguar has Very light corners: The eit ie 
entered its own car into the international electric The technology used to dashboard is integrated into 


e e e e e , I= 1 
street racing series and is currently competing in 14 races power Jaguar’s hi-tech the steering wheel. 
racer on tracks around 


across 12 world cities, from Montreal to Berlin. The I-Type the world 
can accelerate from 0-100 kilometres per hour in 2.9 
seconds while navigating tight and twisting city bends in 


























the approximately 50-minute long ePrix. The thunder of Tyres ibd aia oa 

* : 5 i e nighntweignt monocoque on 
Formula 1 engines is too loud fora race to take place ina i Bie he adeta pal can chassis is made Of carbon ae 
city centre, but Formula E’s electric motors emit just 80 6 Hse lnPoun Clyne Wer fibre and has an aluminium 


: sis conditions, while the wheels 
decibels of sound, which is about the same amount of have facinaniagnesiinarine: 


noise as busy city traffic. 

All Formula E’s ten teams use the same basic chassis, 
but since the second season, each competitor has been 
allowed to make extensive modifications. Jaguar has even 
built its own powertrain to balance power and efficiency. 
Anda lithium-ion battery that uses a Rechargeable Energy 
Storage System (RESS) is used for power. Jaguar drivers 
Adam Carroll and Mitch Evans will have to decide 
when to push forward and when to hold back to 
ensure that the battery doesn’t run low 
during the race. The drivers have to 
manage coasting, braking and 
accelerating carefully. 

The innovations used in the I-Type 
won't just be limited to a racing 
chassis, as there are plans to 
introduce these technologies to 
road cars in late 2018. Clearly, 
Jaguar is intent on pushing the 
boundaries of electric vehicles 
both on and off the racetrack. 


honeycomb structure. 






Ground clearance 
The I-Type closely hugs the 
tarmac and is able to reach 
speeds of 225 kilometres 
per hour while just a few 
centimetres off the road. 







Brakes 
Two separate hydraulic 
systems are worked by one 
pedal and will help the driver 
slow down after overtaking. 
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A Formula € car battery contains the same amount of power ds 300 laptops or 4,000 smartphone batteries! 


“The I-Type can accelerate from 0-100 


kilometres per hour in 2.9 seconds” 


Se 
a = ee, 


Battery 

The traction battery is 
enclosed in a carbon safety 
cell and is boosted by 
regenerative braking during 
the race. 


Aerodynamics 

The stepped underbody has 
an integrated diffuser to 
improve airflow and the 
I-Type’s overall aerodynamics. 
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Motor 
The single-motor generator 

unit provides instant torque 

and 200 kilowatts of power. A 
carbon fibre-encased invertor 
changes the current from DC 
to AC. 






Suspension 

Adjustable shock absorbers 
keep the car stable, while 
blow-off valves release the 
pressure on the suspension. 


Gearbox 

Jaguar has installed a 
two-speed paddle-shift 
gearbox to manage the power 
generated by the battery. 
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Tyre pressure 





\ \ | ; ; ; ; In an overinflated tyre 
ny tyre merger IS vital to the When correctly inflated, tyres the contact area with 
Flat tyres flex abnormally are safer, more fuel efficient, the road is much 
per OrmMance, Sd ety and and don’t have enough air longer-lasting and provide a smaller, so braking 
efficiency of your Car to hold a car’s weight, much better quality of ride for distance is increased. 
greatly increasing the all passengers. 
yre pressure affects a car’s handling, and if ehaneevor a blew-ouk 


they are pumped up too little, or even too 

much, driving can become unsafe. An 
underinflated tyre is more likely to overheat, while 
overinflated tyres can lead to reduced traction. Tyre 
pressure is typically measured in pounds per square 
inch (PSI), and should be checked with a gauge while 
cold at least once a month. On average, front tyres last 
for at least 32,000 kilometres, while rear tyres can 
keep going for at least 64,000 kilometres. Airplane and 
racing car tyres are often filled with nitrogen rather 
than air, as this gas is more suited to extreme 
conditions encountered at altitude and high speeds. 


Tyre pressure levels can make the difference 
between a safe and a dangerous journey 
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4 Handling is more 
. Z More of the tyre’s surface area Even if a tyre is at the correct difficult in overinflated 
. is in contact with the road. This pressure, it may need to be tyres, and the extra 
increases friction, which altered if the car is carrying pressure will decrease 
weakens the rubber and heavy loads. the tyre’s lifespan 
requires a lot more fuel. substantially. 





Early versions of the Series 1 only came in green, as this was the paint left over from a military surplus 












1aea Series i. ~ Passenger safety [| © 
iP si ea a. ieee ee? A dashboard handrail gave : — 
Rover na’ e release 25 Tu storedq” : 
7 Milas ce maha passengers something to 
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le Oot a tae Pe ety 8 shold when travelling on 
= a —— a Rear Ne an de a Pre ee — eee,» Uneven ground. Ne Say Se 
Bodywork F oe Oe - 
The Series 1’s aluminium body Cad 
made it lightweight, and with = = 
a low centre of gravity, it was . a 
stable on rough terrain. | a . 





The Land Rover Series 1 
relied on a 1.6-litre engine, 
which provided about 50 

brake horsepower. 
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Suspension 

The strong axles and 

leaf-spring suspension made 

the ride very bumpy. Coil 

. springs were used for later 

—t — ———— = Land Rover series. 


Fuel tank 
The fuel tank held up to 45 

litres of petrol or diesel, and 
was located under the front 
seat on the right-hand side. 
































Chassis 

The simple and cheap chassis 
was made up of four flat strips 
of metal welded together. 


The Land Rover utilised a 
four-wheel-drive system 
for improved off-road 

performance. 









Land Rover Series 1 


The vehicle that began the famous 4x4 
dynasty was inspired by WWII jeeps 


ow a British motoring icon, the legendary The Land Rover was based on performance -* 
Land Rover was first launched back in and did not come with all the creature comforts = 
1948. Unlike its prototypes, the you may expect. But they were incredibly 

retrospectively named Series 1 did not contain versatile, with features like removable doors 


any components from war jeeps. The LandRover andanoptional combine harvester towing plate 
had a1.6-litre engine to power the vehicle during that could simply be added to the vehicle. 











off-road tasks, just one aspect that made the The Land Rover proved incredibly popular, 

Series 1a durable vehicle. It had attachments and soon enough the Series 1 was being sold as 

that came as standard, including a towing plate fast as it was being made. During its ten years of 

and a pintle pin that were fixed to the rear and production, newer vehicles came to be installed 

could be used to haul trailers and other heavy witha larger two-litre engine and increased g 
loads. The designers hoped it would prove chassis sizes, which paved the way for the Series E 
popular with farmers and industrial workers. 2anda whole line of Land Rovers. © 
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iil SPACE 


t goes without saying that the Earth is the 

perfect home for us. From the last universal 

(elo) aabeneyeu-balecineymconmelcmelepest-Demol-oercscnaercls 
have spread across the planet today, we've been 
slowly fine-tuning ourselves through evolution 
to perfectly suit our environment. 

But it may not be that way forever. We 
(elo) sladaeCcmnon olebaewcesstsys mae(s)owbem-lolepelet-belecn- pele! 
(bby ole) oene-im(ovameeveraealelscmeomolerejsemanien(aents 
okcNank=teabaremelenar-veniauaevavestcvaim-belome)t-(eueree-Ecine- bee} 
on resources. How long our planet can continue 
to support the ever-growing population of 
Jalbbect-belspise- Beste) (e)mec lotion em eeeleceee 

Aside from our self-inflicted destruction, we 
may still be forced to move elsewhere. We 
already know of at least one mass-extinction 
event that’s been caused by an asteroid colliding 
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AiVaud emelon mp aloyectomr-Dalemnvsatsimet-le)el-velclomnennels 
dinosaurs could also happen to us. An asteroid 
crashed into Siberia in 1908, causing devastation 
to the local environment. Fortunately, it was 
only about 50 metres wide and our species 
survived, but much larger comets and asteroids 
fly through our galactic neighbourhood fairly 
regularly. How long until the next one hits? 

So an extraterrestrial future, at some point at 
least, seems inevitable. But rather than fleeing 
into the expanses of space, there are also many 
positive reasons for the human race to broaden 
its horizons. 

Travelling far away could improve life at home 
in many ways. By journeying to, and mining 
from, asteroids, we could harvest many 
desirable materials and save our planet’s 


— 





To BECAUSE We WERE BORN ON EARTH, IT 
DOESN'T MEAN WE'RE DESTINED TO STAY HERE 


deposits. By spreading our species across the 
cosmos we'd also be safer from a universal 
extinction event, preserving our -as faras we 
know - unique intelligence and consciousness. 
And having fewer humans on Earth can only be 
a good thing, as the biodiversity of other species 
could expand and thrive in our absence. 

Perhaps just as importantly, what an 
inspirational step it would be for humankind. 
We're born explorers; we love encountering and 
discovering the unknown. What better way to 
scratch this itch than by embarking towards the 
final frontier? 

In this feature, we’ll explore the possible 
future of humanity as an interplanetary species. 
It’s a goal that many around the world are 
already working towards. 
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DID YOU KNOW? 


WHERE 
COULD 
WE GO? 
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Ul 


The Solar System and f 
\ 
\ 


loXey({olelemispiolimeyme)t-talclise= tare! 


moons, but which is best? \ 


When surveying potential options for our new 
home that are within reach, we may feel our 
choices are limited at first. But with the correct 
technology, we'd actually have quite a few to 
pick from, even in our own Solar System. We 
could colonise another planet, a moon, or even 
space itself. 

Currently the most romantic choice seems to 
be Mars. As a close neighbour that could 
potentially house an enclosed habitat, it’s / 
certainly appealing. But we needn't limit our Hf 
imaginations to just Mars. Every night 
another potential home rises to greet us. 

We already know wecangettothe Moon, , 
and its closeness to Earth makes it a candidate.\ 
Materials, supplies and even new colonists \ 
could be transported there with ease. Due to the 
relatively short distance (astronomically 
speaking) contact with Earth would also be 
saelbcelemelbalecom 

But, unlike Mars, the Moon is almost 
completely devoid of water. However, the same 
can't be said for some of Saturn’s moons. Some of 
these satellites even have liquid water, which 
spurts out from oceans below their surface. They 
could offer a potential way for us to harvest 
water, an integral ingredient for survival. 

Once settled on a planet or moon, our eventual 
goal would be terraforming. This would involve 
generating gases to form an atmosphere like 
Earth’s, allowing life to flourish. But this would 
be no small task, so perhaps getting to these 
planets would just be the easy part. 


/ 
! 
( 
| 





By ii fke)atswre]alem eyii ile) atcwe) mi'Ze)a (e kom =>.4]-1mm ol=)"20) (em el0] apete) (<1 a 
NVASIK=1 00 Pim LU] Om ev- (or ali ale mualzlanmyvllmel-meinr-li(claleliale 
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Possible destinations 


PANS de) alo)aat=) acm are\ em (e(salulatsvem-Miaare)(s 
ney] Moy mY (0) (elm uar-lmexelel(emelore=laiat-lihV 
oysvoxe)aat=Melelmmar=\itmalelaant= 


261mn km 
rN id avol0 le) amcxe)aal=idlaalstome (stove gelato 
jas ‘Earth’s sister’ due to its similar 
! mass and close proximity to us, 


\ ; | 
\ 
1 
: 
l 
! 


Y Venus’ closeness to the Sun has 


/ 


/ 


~ 


raised surface temperatures to 
462°C - so we'd have to live in 
floating cities in the clouds. 


Europa | 
628.3mn km 


VA"7idalye)(=1a1avae)mey.4\ce[=1al-] ale melerct-]als 
of liquid water, Europa could be 
one of the best places for life in 

our Solar System. But it’s low 
gravity and freezing temperatures 

may mean it’s better for us to 
iets (e(M al] ame)ae)iajale Bs) ey-(ei- at-]e)] r=] 


225mn km 
The extensive research that’s 
(olUlaaslalahva ol=)iale mexe)alel 0 (eik=\emelam ants 
surface means we'd be better 
prepared if we eventually settle 
there. We’ve already identified 
buried ice and also understand the 
dangers that await us. 








Approx. 1.4bn km 
Saturn’s largest moon has lakes, 
(oi (ol Ule Kom] ale e-lla lem OlUiMmunlo\ a com aleve 

made of water. On Titan, methane 
exists in liquid form and cyanide 
gas floats over the surface. 
Ulate(=1ge]gel0lalem al-le)|t-lacmyyelel(e| 
provide the most protection. 


384,400km away 
Being the closest large space 
Co) 0) (You mi Ko U Lom pate] Coloma alom\V (oleae lr] 
idee) ale mor-lale|(el-1Komie)muniomal acts 
extraterrestrial colony. Materials 
Fl alo ofzio) 0) (-mexol0] (em ol-mue-lal-jelelanave 
iKok-]avemige)aam =t-lauamanleloamante)a= 
easily than elsewhere. 


4.2 light years 
This planet is exciting as it orbits 
our closest stellar neighbour. It’s 
'o) 0) 8y-] 6) \Var-] sXoer- MVA(ea a aa melIexe)arcie-lalt 
loko)anley<]qelaatsialamice)aamcxe)(-] matclastowehs 
it’s so close to its star, but it’s a 
rocky planet with the right 
temperatures for liquid water. 


U 
U 
l 
\ 


Proxima Centauri b \ 


\ 
















23.6 light years 


This planet is also within a 


(o (<1 =] 0) (eM e- ale (oe) mL eom (olor) Boin-] am ke) a 


it to possess liquid water. 
Unfortunately, the dwarf star is 
likely to produce solar flares. To 
settle there, we’d have to shield 
ourselves from this radiation. 





Wolf 1061 c 


13.8 light years 
This planet orbits its star in the 
‘Goldilocks zone’, meaning that it 
Sm atetidal=) qn Kole malo) ale) mi xolemexe) (eM ie) s 
liquid water. And it doesn’t appear 
to get hit with too much solar 
ieelelteld(oaMeliualslem patel dlarem iar) 
reXe) kadai ate] Mct<kM are) ame) aalelantelaicn 





Kapteyn b 
12.8 light years 
Hi alicm ©) f-lal-yexerel0] (em ol-Me)al-We) maa 
ia ates} im at-] 0) |] 0)(=Me)m-]| dale) Zac) ey- (01> 
objects. It’s heavy, has favourable 
temperatures for liquid water, and 
it is thought to be twice as old as 
the Earth - so it may already in 
fact host life. 
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ON THE 
MOVE 


Oi(ciceceesbetcauelcnentsir-velears 
between systems is one of 
our biggest challenges 





Even if we decided to ‘only’ venture as far the 
nearest star cluster from our Solar System, we’d 
still be talking huge distances. More than four 
light years, in fact. That means that even ifwe 
were travelling at near the speed of light it would 
still take us years, and today’s rocket engines 
can't even reach one per cent of light speed. 

But despite the mammoth stretch involved it 
may be worth our while to venture there. But 
how would we do it? The answer may lie with 
designing a new propulsion system that’s 
(ef }orcle) (cmeymaslocelemenledelsvasjolcicversmuer-bemuels 
rocket-fuelled ones of today. The majority of such 
designs remain in the theoretical phase, but 
some have the potential to increase velocities 
much closer to the speed of light. This means we 
could traverse the gap between systems in 
perhaps decades, rather than millennia. 

What makes these innovative engine concepts 
so interesting is their choice of fuel, and how we 
can best make use of them. Ionised gases, 
interstellar hydrogen and even antimatter have 
all been proposed as potential options, and 
could, in principle, be employed to shoot us 
quickly towards distant stars. Or, rather than 


The VASIMR engine 


Today’s rockets are launched by a 
chemical reaction, which involves quickly 
combusting a lot of fuel to get spacecraft 
fo) dm Uaioe] co)0 ale mms ieimr-]idatelele|smual(cw-]e)e)gey-(en 
has worked for us so far, chemical 
reactions are inefficient, and will be largely 
ineffective for taking us into the far 
reaches of space. 

The Ad Astra Rocket Company’s 
AVJANSTINV/ Ine Qe] ate] e) (ses) ol=cerh nom lanl elel isx=) 
NVA FeXe]avey me) ©) F-lsiaat-Macelel.(-19 0) Ri>) aoe aalelorn 
more efficient, and faster, engine design. 
S\Vs10] oe) geiat-]aeliale mc) igale)(emer-om[ainem-mvt-]e)(= 
propellant, spacecraft will require less fuel 
and will be able to travel consistently at 
higher speeds. This would allow us to 
travel further and faster than ever before. 








Conversion 

Radio waves heat and 
ionise the propellant. 
Gas becomes plasma. 


Long haul 


Without a warp drive, a distant 


star many light years away will 
probably remain out of our reach. 


Unwarped cosmos 
The movement of an 





Warping space 
Negative energy could 


theoretically be used to expand 
and contract space itself 


object through space is 
restricted to the natural 
limit, ie the speed of light. 








Expansion 
Negative energy could be 


used to expand space and 
‘push’ objects away. 


Jabted ates} olctsio mae: h'(o om eloniiva-loleloim elcvelenbereasyey- (eon 
time around us instead? 

Of course, it sounds impossible, but according 
to Einstein's theory of relativity, it isn’t. And this 
knowledge has given birth to the idea of a warp 
drive. By using an elusive form of energy known 
as negative energy, we could expand and 





Propellant 

A neutral gas is 
injected into the 
ionisation chamber. 


Centralised heat 
Electromagnetism moves the 
plasma into the exhaust, forcing 
the particles into the booster. 





Contraction 

Space in front of the 
spacecraft is compressed, 
‘pulling’ objects forward. 





Warp travel 
Manipulating space itself 
moves the spacecraft closer 
to its destination. 





contract space around spacecraft in order to 
move them closer to a goal in atime span that 
would otherwise be completely impossible. 

For the foreseeable future, warp drives are just 
an abstract idea. But some of the other designs 
are in development right now, and could be 
ready for blast-off sooner than we think. 


Acceleration 

The plasma is greatly 
accelerated by the 
electrical current via a 
process known as ion 
cyclotron resonance. 


Booster 

Plasma moves into an 
electrically charged 
section to be heated. 


Exhaust 
The plasma is expelled at 


very high temperatures, 
producing a huge thrust. 
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DID YOU KNOW? Future spacecraft could also use an EmDrive, which would produce thrust by breaking ag known law of physics 









Powering 
tomorrow’s 
spacecraft 


Plasma, antimatter and 
negative energy may be 
rol Ui amu (o1 (=) aM neMe(=\=) 0) 
space exploration 


BUSSARD RAMJETS | 






Fuel from space 
Space is far from empty, and the 


Careful navigation m ,° Ram scoop Bussard ramjet would use 

Bi arcMera=\)\ mela) eley-lcemuelelie ‘ia << yAVa We) (=toid ae) pat-\ela-iu(omi(ei(e| alke|amrclalsiaena ©)gelce)alcmcelelaremlamaar= 

AEN cmnensvatsielacmaatelmaals vs — ‘net’ would ‘scoop’ the Talesia eltclalsitelavar-lacemialeclecins)| tela 
oJ protons into the exhaust. medium for fuel. 


spacecraft travelled through 
areas of space witha 
sufficient density of protons. 


































Nuclear fusion ————. 
Protons fuse together in 
a fusion reaction, 

releasing energy and 
producing thrust. 


Warp rings 
BV Vom a allel emel|qeiel lela 
rings help to reduce 
the energy required to 
ice) daal-MaN\\/-18 9 o)0] 0)0) (-¥ 
around the ship. 


Ovey amin lerzem- (execs) (=) e-] ule) 
This ship would start slowly, but as it 
gathered speed it would ‘scoop’ more 

1A U=) Wr] ale Moxe)ala | ale(=muem-(evecl(-1¢-] oe 


Alternate 
energy source 
Initiating a warp 
drive will require a 
huge amount of 
energy, SO a power 
Xo]0] gexoWiV/1| are hVomne) 
lolemeor-] gatcte mela) eley-| gem 


Warp drive 
Ta e)t-(exsey mm UIs) ale pre) 
propellant, negative 
energy would be used to 
warp space-time around 
the ship and move it 
towards its target. 












Contained 
The ‘warp bubble’ that 
ice) @antcw-laelelaremuat=mciall® 
ViV(ol0] (eM ol-W- al alin=Bo))4-m 
Fe) alee} |e) mual=eo all es) 
foxo)any eXe)at=ialecmyvele|(e| MVavalialifeiaceyal 
have to fit inside. WiV/atcvabelaldlaatelanclar-lare 
fant luke) arexe) ile (=u als\Varel asm elelan 
destroyed in an explosive 
release of energy. 


syaT(edrellare) 
ANS co)aaame)maelelt-luieya 
1 ay(=)(ellavemaat-\yaelsmacieleliacve 
to protect the crew against 
gamma rays, produced 
when antimatter and 
faate] ate) arexe)||[e [2 


Mfelaanetrelnis 
=AVclal- Bc pate]|i-]anelelalme)m-laldipat-latclate 
safely enclosed in an electromagnetic 
1i(=)(¢ Mem ox-] aM ©) ele [U(er-oxe)al-i(e(-1¢-] 0)(= 
energy, so the overall mass of fuel 
required is relatively low. 





Powerful thrust 

The thrust produced from antimatter 
lalalialiteladce)amuvelel (omr-]ar=>.coxc\ovemuarcw-lanvelelals 
produced by today’s chemical reactions. 


© SPL; Illustration by Adrian Mann 
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SETTLEMENTS IN SPACE 








Giant space habitats could allow us to bring a slice of Earth with us into the cosmos 


An extraterrestrial civilisation of humans, 
wherever they may be, would need to rely ona 
JaXo)aatenaetslmerolvaComeyaenisle (crc mcsbesuet-Bar-Deslolonelmeyi 
nourishment and protection as we receive on 
Earth. As we would need to consider air, heat, 
radiation, water, gravity, food, and ample 
habitable space, it would be a monumental task. 

We know that nowhere nearby can provide all 
of these necessities, and terraforming will bea 
Joyatemobeaule1 bd lum. belemol-saet-)elcmbeeleleysisile) (<5 ey ce lecrsicn 
So maybe the easiest way to control these 
variables would be to assemble our own space 
Jats loyie- lias Mebtcpeatcr-belu(ersinaulemebacmeelellomcoinel=)molen-| 
new permanent home, ora means to set offona 
multi-generation migration. 

The second option would be a quest unlike 
anything humanity has ever faced, and would 
involve many generations spending their entire 
lives in space, safely enclosed in a living habitat. 
But our universe is a very big place, and this may 
be our best way to explore it. 


EL dite p) 0 be | og & home AW at-le)incim LCM aal=M ell erelaremelarsme(sielamrcelel(emli(o\umermnomug-\\(2) mani gelecelam-) era emia (=) 





Home away from home 
An Earth-like environment would 
be important to help alleviate the 
psychological effects of long-term 
or indefinite space travel. 


nae lla; \ 


Biodiversity “€ 
By bringing greenery 

with us we could 

maintain an ecosystem _) is 
of diverse wildlife. ; 
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By realising ourambitions ofminingasteroids f)tyrein space may create a newalien species: 
we could gather the required materials, and by aithetelatelelcvalelchat ich 


taking advantage of the centripetal force In the distant future we could be spoiled for 
produced by spinning objects, we could choice, so let’s get to know our options and take a 
simulate gravity. This project would be tour ofa space settlement. 


UbaTelsvevesloyavmalerxemmelelmelonset-belse-bacmercley-le)(cne)i 
achieving great things, and we have an idea of 
how we could do it. In stark contrast to the 
sterile, squashed spacecraft we’re used to, these 
settlements would bea true home away from 
home, containing many of the pleasures we 
enjoy on our planet’s surface. 

There’s also one more aspect to consider about 
this possible future. Ifsome colonists remain on 
Earth, others in space, and others on distant 
jo) Ec Dalcvese- bee mesleloyetspmmelsvemeloemsjolcre(crspestshv 
eventually begin to diversify. Remaining apart 
HKoyap ante benvacxsyalcveclaloyatspmmabaelercdsvelelmeeyersyisincyale 
subjection to different forces of gravity and 
atmospheres, could eventually mean some of us 





(Oxo) atsjuavloid ale m-Melt-lal ms) er-(eoMal-]e)ie-]mVelel(e| 
may not be simply humans any longer. Our foreMeMantovalelant=Vaie-) me=ss) @acolmalelaar-laviny 





G-force cn » SEN = Happy travellers 
= Thespinning structure | ~~ i | * x Large space habitats 
would simulate Earth’s » oe Te as, | 7 would have enough 
gravity around the ~al : = ¥ MN) available space for 
© sides, soinhabitants [uses te an ll 4 individual accommodation 
_ would reside there. 2 ea J a and recreational activities. 





Eden in space 
Natural plants would 
replenish the habitat’s 
oxygen levels organically 
= | and also provide food. 


ie, 


Artificial star 

A giant beam of light 
would fill the central axis, 
where it would mimic our 
Sun’s daylight hours. 


| Utilising space 
Towards the centre of the structure the 
feeling of gravity would lessen, but flora 
and fauna could grow there. 
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DID YOU KNOW? Over £10.5 [$13.4] billion has been invested in private space companies that plan to mine asteroids in the future 


SPACE JOBS 7. 


PAW aTolsimo)@ elen)VA@r Dacre ecanVallmolsneleble)meaccless 
on our future space settlements 





Retro concept 
designs 


In the 1970s, a NASA-funded 
team inspired a generation of 
space enthusiasts with three 
spinning structures 





2 





\ 
\ 
\ 
o. 
— Extraterrestrial \ Asteroid miner Atmosphere overseer 
O’Neill Cvlinder surveyor \ It is unlikely that a miner will go In this role, you’d have the lives of 
y Gathering sufficient resources will \ out on spacewalks and manually all of the other space inhabitants 


ai algeoucinal ome) ml-lalem-lalemualaciome|(er-laldle 
sections of glass would be assembled ina 
structure approximately eight kilometres 
wide and 32 kilometres long. Two of these 
structures could be positioned in a 

(oro]U] al k=) ca ge)e- 1a [ale ey-]| ane mcie-] ei [Komual= 

Conv (ale (elesPmaualcoraMYelel(eMelualslan (om cele] =) 
across their long axis as they spin. 


Tala yelel am av-laleem\Y/fellale-lialiaremela 
Earth-like atmosphere in a space 
habitat will involve regulating 


be one of the most important jobs : operate the equipment, as this 
lke) ar- Bs) 8y-( X20 al-] 0) |] @ar- ale W-so} ko) ge) (els) \ VAVol6] (ol of=M=>.4u a=) pale) \Vmer-]ae(2) a0 05ce 
will be the place to get them. A | Taksiket<le Mmtal=\VAiViI | olom la meval-lge (ome) i 
surveyor will assess these space l remotely operating and overseeing foyaViel=la i=] ale mers] a eke)ame|(ey.4(e (om le\(2] ce 
rocks and decide on the best hy the machinery from the safety of temperature and the amount of 
faaliaviavem cexer-]a(e)aice 7 their space habitat. ultraviolet light. 








Bernal Sphere 


Originally proposed by scientist John 


Communications and 





navigations specialist 


One space habitat won’t be 





Whatever choice of futuristic 
engine is used to power the 


Propulsion engineer : 


Bernal in 1929 before it was adapted in the enough to carry everyone, so the movement of our habitats, it will \ 

1970s, this design is similar to a globe in multiple ships will need a way to ig=ve[Ul acm ane)aline)aiare W-lalemaale=immlL<ci\\4 | 
shape, only this time we would live on the communicate. As well as sending refuelling. Propulsion engineers \ 
Rattle (MeyieM ato) (oN aSiatall Mccleatctmdarclanelam care and receiving signals, these will oversee these processes and ] 
outside. Earth-like gravity would be felt specialists will ensure their ship ensure the engine doesn’t ! 
along the equator and lessen as you stays on the right path. overheat or leak radiation. : 


neared the poles. 





Exercise physiologist Space voyager 


A physiologist will make sure that Vi Vdatslam=>.4e)(e)alaremua(smelal ance ams 
the centripetal force caused by the may be necessary to send human 
spinning space station sufficiently (oxo) 0] Rom ko M-] ae) 0)(=\ormmeyant-]i(e16 
‘aalinal(exsm =t-] aug Mme] e-\VAvAr-lalemyYl| spacecraft usually attached to the 
well decide to build in space. recommend weighted exercises main habitat will be used for this 
aN at=\Vall el sxom a=) ey-]ar-la\vael-laatelers for those who need to build more task, with a dedicated team of 
caused by space debris. muscular strength. space adventurers inside. 





Habitat construction 
and maintenance 


NSW MAYA} olom gale celamtsssi(=) ake) 


Stanford Torus 

aM alksmoxe) avox=) ol mY (el0](e Miao) Nem asssyie (2) ales 
Thvdlake Miatsi(elom- Malate cidae(o1n0lq=MmViVal (eva mexelul(e assemble huge structures in zero 
either have a transparent ceiling or even gravity, a construction team may 


Fe] ae) ol=1a ma ce) om Mal-M-)e)/alaliaremaaceluielamcele|ie| 
keep most of the atmosphere pressed 
within the rings, so spacecraft could easily 
(orolant=w-laleme (on 


© Bryan Versteeg; NASA; Illustration by Adrian Mann 


VVAVVAV VALS OAV Yam mViV/0)-4;45)8)-Wi a alee)" How It Works | 069 





Distance from Earth 


a 
Our planet orbits at an average 
fo fis} t=] aero Me) mv hol OM any iiiceya) 
kilometres from the Sun; the 
right distance for liquid water 


i Koe-),<isimrs] elem ce) mulikomnemalelelaijar 


Our parent star is a structure 
of immense, turbulent energy 


he Sunis the biggest reactor for trillions of 
kilometres. At its core, an incredible 600 





Flare million tons of hydrogen is used up every 
Magnetic energy accumulates second, as it is transformed into helium via 
Tam tat=mcxe) f-lareldantessje)alslacmelare ; : : 

nuclear fusion. This continuous process 
eventually explodes from the eg 
surface as a solar flare. generates an enormous amount of radiation and 


extreme temperatures of around15 million 
degrees Celsius. But the energy forged in the core 
does not remain there - instead it begins a 
polbbwal=yaelvinniccbactsmuedaelercdomael-moptcinbelemAeelcwne)i 
this gigantic burning star until it finally reaches 


id elense) t-Bars1neele)s) eo) elcvace 
Chromosphere 
The area directly above the 
photosphere is actually hotter 
uate] amualcmactel(e)amel-l(e\aiemuu lan 
1Xs1pa) ols) e-1N0l aotom eel aleliale migelaamoMAele) 
1 Ko A010 Ke (=\e] «=\-1o0 Ox) SU 
OFe) 0) are! 
o At the outermost layer of the 
y - Sun, temperatures rise 
significantly to around half a == 
--s ranliiike)ame(s\e]asy=som OX21 (cy 0 oe 


Convective zone | —_ 4 My 
atslaeNmaalielecinstsmnenelaes | e Ke, 
the surface via convection = .. , 

(olUlaaclalacm ce) aaal=\eMe)im a(sre1k=re s 

Fl alemexole)(=10 Mey -loe 
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The Sun is about halfway through its predicted lifespan, and will run out of hydrogen fuel in about 5 billion years 





Unlike on Earth, this atmosphere is not just 


dominated by gas; on the solar surface, highly Prominence 
energised particles of plasma are also in A huge, curved beam of 
Eloyubatelsbele-ma Webtshsveslicke)mestclnt-)m@tsk-y.colr-le)(-mr- Dale! OES iis), GLUE TSuClel dey ANS 


ofan , photosphere, stretches 
is involved in many of the Sun’s turbulent Orie Ore Re ny ear et 


behaviours. Solar flares, prominences (curved 
beams of plasma) and solar winds all involve 
plasma blasting outwards into space, and 
scientists are still unsure as to why these 
occurrences appear to happen irregularly. 
As we're mostly protected from the Sun’s 

violent outbursts of energy —- thanks to our 

, . of way The Sun is a much 
atmosphere and the planet’s magnetic field — it’s 

nalegomaelaslel(cvals 

easy to think ofit asa dormant beacon of light. entity than most 
But our local star is in fact very active, and as we people realise 


Ti = 
learn more about its individual layers we begin At l CS COre F ‘aly 
to understand more about its activity. There are incre d | b | e 6 ale) 


multiple missions planned to investigate the Sun 


in more detail. We can only collect data from so Ml Or CO NSO f 
far within, but these missions will provide more h U a r O g P N | S L] S P al 
insight into our volatile solar neighbour. every secon d ” 


'~ 


Solar wind 

Particles and plasma are 
constantly thrown from the 
Sun outwards into space. 





> Photosphere 
A layer that stretches away from the 
convective zone for about 400 


kilometres. Temperatures range from 
P 3,/00 to 6,200 degrees Celsius. 





*~ 
~ . 
Radiative zone ‘ 
Energy takes up to 170,000 . 
Viete] acm KOM @-le|f-1Kom iaeanmualsmere) a=) 
to the convective zone. 
‘ 
. « 
: * 
fe) =) | ' 
MWat-\aantelalecel-t-laniecsiielal ‘ 


converts hydrogen to 
helium, which produces 
alele (=e lagtelelalecmeyi 
energy and heat. 





WWW.HOWITWORKSDAILY.COI! 













r_ 
afte 


in bs) oe AN Ol ol 









ro) eetateia ol-ba=vjefeyersile) 
for bizarre anomalies 


in our Solar System? 


t wasn't too long ago that Pluto was stripped 

(SMLesMaaCeeckonaelsmebseideme)tcbelcimeymelena@eye)t- a 

System. But in an interesting turn of events, 
the same researcher who was instrumental in 
its demotion has now suggested a replacement. 
This comes in the form of Planet Nine, a 
theoretical world some 30 billion kilometres 
from the Sun, which offers an explanation for 
some of the most intriguing mysteries in our 
Solar System. 

Until recently, it was widely believed that the 

Sun’s gravitational influence ended at the Kuiper 


Answers 
from orbits 


PAWexo)anloleinz) mm anvece(=)me)esvel(orgztemaal=) 
presence of Planet Nine based on 
dace) Y2a i= F-1 eae) alelanl (ore) me r=] ee] 


Long circuit 
It would take Planet Nine 


around 17,000 years to 
complete one ‘lap’ of its 
proposed orbit. 








Inner Solar System 


yAertem es) 


> 


Tugging 

Although they meet rarely, 
the intense pull of Planet 
Nine keeps the Kuiper Belt 
objects in their orbits. 


2004 VN 





2007 TG 
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Belt - a ring of comets and other objects that 


sCODCOnTiVAcMentsie-balmersqelubiarcbaelepelomelenalefersl cir.) eu si0iame 


Mike Brown, Pluto’s great foe, discovered several 
anomalies within the belt. He saw that six 
objects were aligned in their movement, as if 
influenced by a foreign object. This eventually 
led him towards the theory of Planet Nine, a 
distant body influencing orbits from very far 
away indeed. 


Planet 
TT ates 


Difficult to observe 
In the furthest point of its 
orbit, Planet Nine could be as 
much as 1,200 times as far 
from the Sun as the Earth is. 


Circular orbits 
The eight known 
planets of the Solar 
System all follow 


regular, circular orbits. 





2012 VP 


Aligned 
The Kuiper Belt objects 


are clustered in orbital 


A 


direction and also in 
how they’re tilted. 


Elliptical orbits 


At least six objects in the 


Kuiper Belt experience 
eccentric, elliptical orbits. 











Ancient 
| 


FNS} (0) ale )aa(s) esp ateht(s 
discovered cosmic relics 
datclmerc\icu elas emeleleatvers 
lolatcdalm(ol@oyiltlovetsKeyatiarstes 


nancient star analysed by Australian 
scientists may have formed 13.7 
billion years ago, making it one of the 
oldest in our galaxy. When the universe was 
very young - only a few hundred thousand 
years into its 13.8-billion-year life - hydrogen 
atoms began to accumulate and heat up. 
These clouds of hot gas then came together to 
form the very first stars, and within the 
confines of these massive orbs new elements 
were forged: first helium, and then heavier 
elements, including iron. 

But unlike the elements that precede it, 
iron doesn’t produce energy ina fusion 
reaction; it consumes it. And almost 14 billion 
years ago, within a primordial star around 60 
times the size of our own Sun, the metallic 
iron core grew and grew until it collapsed in 
a dramatic implosion. However, unlike the 
huge supernova explosions we are familiar 
with in recent history, which eject all the 
elements into the cosmos, this early event 
only had enough energy to throw out the 
lighter elements. Iron and other heavy 
elements were swallowed into a black hole 
that formed in the star’s wake. 

The lighter elements eventually came 
together once more to form newstars. At least 
one of these second-generation stars exists 
today, still shining 13.7 billion years later. 








= 


BM atewe)(e(=s>1 mn ¢nre)uiaesie-|eomlamelel mel-li-b.e’Am lL comnare 
Methuselah star pictured, are thought to be almost 
as old as the universe itself 
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Rew) ey 


History’s forgotten settlements that 
vanished for hundreds of years 


hen an empire falls, its legacy is Parthenon, still stand today. However, some 

sometimes taken with it, lost inthe cities have not been so well preserved. 

sands of time. Many ancient cities Anumber of ancient civilisations were absent 
have perished throughout history, whetherfrom fromthe history books for many years after 
devastating earthquakes, ransacking invading being lost in fire or buried by sand. From the Age 
forces or a decline in natural resources. Some of Exploration onwards, adventurers have 
ancient cities, like Rome and Athens, have Ub aTeOnycvaclomelar-BohacUlmmel=wenlolel-venee)eel-vecne)eot-banel 
remained continuously inhabited since they and have located cities that were once only the 
were founded, and some of their iconic stuff of legend. These settlements are an insight 
structures, like the Colosseum and the pelmonualcx-balel-youmnyevetomr-belemeslerelsmamer-lapars 


heeeaoee 
ae 


ey 
ez. | 


Ayutthaya, Thailan 


technology has helped us identify the era in 
which these cities were at their peak. 

WM olemacveaber-Uolesneyar-balel(=)elmenlalawr-basmele)arctel 
across the globe. Their ruins let us peer into the 
Joxsksim-balomal=)ionersmonatel=sacye-belemelennvmeenercvacvels 
civilisations lived and worked. Many of these 
sites are now protected to prevent them from 
being lost forever. You never know, there could 
even be more lost cities out there just waiting to 
be discovered. 


This island metropolis was one of Asia’s most magnificent cities 


The city of Ayutthaya was the second capital of the a grid and built upon three rivers, inhabitants could 
Siamese Kingdom and grewin prominence following travel along canals. A hydraulic system was also 


the fall of Angkor, the capital of the Khmer Empire. constructed to manage water flow. 


The city reached its peak between the 14th and 18th Coveted by rival powers, the city was protected by 
centuries and was known for its splendid gates, forts and towers. It was also resistant to a naval 
architecture, which included tall towers, known as assault thanks to the intense tides of the Gulf of Siam. 
Prang, and grandiose Buddhist temples. Witha Even so, Ayutthaya finally fell to the Burmese in 1767 


population of around 1 million, the city amassed its after a year-long siege. Its temples and palaces were 


Ayutthaya’s location in Southeast Asia 
meant it avoided conflicts between 


wealth through warfare, trade and taxes. Designedin burnedtothe ground andthe city was plundered. Asian, Arabic and European powers 
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Cahokia Mounds was larger than London during 1250 CE, with an estimated population of 20,000 


Cahokia Mounds 


The capital of a forgotten native North American civilisation 


blame. The inhabitants of Cahokia Mounds 





Arising from an amalgamation of smaller 


settlements established in the area in 700 CE, by largely disappeared in the 14th century and the 
1050 CE Cahokia Mounds was one of the greatest area was later occupied by the Oneota culture and 
cities in North America. The city stood in what is Illiniwek Native Americans. By the time 

now Illinois, and was the centre of an ancient Columbus had set foot in the New World, the city 
Mississippian culture. An abundance of maize was already part of history. 


provided the population witha reliable food 
source that was kept in storehouses dotted across 
the city. 

Cahokia Mounds owes its name in part to 
Monks Mound, the city’s centrepiece and the 
largest man-made earthen mound in North 
America. As the city prospered, so did the need for 
its defence. Over 100 years, four wooden palisade 
walls, supported by deep trenches, were 
sequentially constructed to repel attacks. Despite 
these strong defences, concrete evidence of any 
invading forces is yet to be discovered, anda mass 
burial site of ritual sacrifices suggests that the city 
was home to a violent society in its early history. 

The city’s population began to decline in the 
13th century. The reasons why aren't entirely 
clear, but itis believed that disease, political or 


© Cahokia Mounds State Historic Site/William R. Iseminger 





The city once contained around 120 mounds 


climate changes, or a decline in resources is to covering an area of over 1,600 hectares 
Ancli 
ncient Elite dwelling Earthworks project Pole and thatch 
ea rthworks The chieftain governed Around 15 million cubic buildings 
from atop Monks metres of earth was shifted At the top of many of 
Cahokia Mounds had some Mound, which rose to a to create the mounds. the mounds had 


of the largest man-made height of 30 metres. ; ceremonial buildings 
mounds north of Mexico 


built atop them to house 
members of the elite. 





art 


Human sacrifice 

Mass graves have been found 
within one of the mounds, 
indicating that human sacrifice 
may have taken place in the city. 





Borrow pits 
The mounds were constructed with 
earth dug out of pits using wooden 
and stone tools. It was carried in 
baskets to the mound site. 
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© Shutterstock; WIKI/Rjdeadly; Thinkstock; illustration by Adam Marckiewicz 










Palace 
There were some impressive 
buildings, including the emperor 
Montezuma’s palace, which 

featured multiple interconnected 
buildings and even a zoo. 





whe Venice of the 
| World 


the centre of the Aztec 
: airgun huge wealth 






Empire and benef 


Templo Mayor 
The centre of the city 
was a walled compound 
of over 70 buildings 
with a huge pyramid 
"== dedicated to the god of 
eer war, Huitzilopochtli, and 


BRS RK the god of rain, Tlaloc. 























Chinampa I = = == == = 
A series of floating 
gardens on Lake Texcoco 
surrounded the city and 
provided it with a 


plentiful supply of food. 










_— Market 
\ Around 60,000 people visited 
bustling marketplaces every 
day, trading gold, silver, brass 
and even bones and feathers. 
















Neighbourhoods 
In this city of over 
200,000 the lower 
classes lived in small, 
single-storey houses. 











Getting around 
The city’s transport 
network included 
streets and canals for 
travel on land or water. 
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Tenochtitlan 


The lavish capital of the Aztec Empire built upon a lake island 





Tenochtitlan was the centre of Aztec culture and 
one of the most impressive cities in history. 
Founded in the 14th century CE, the city utilised 
an elaborate system of canals and causeways. A 
stone aqueduct that harnessed the lake’s water 
supply helped to maintain the population. At the 
heart of the city was the twin-pyramid Templo 
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Mayor, where human hearts were believed to be 
ripped out during bloody human sacrifices 
conducted to honour and appease Aztec gods. 
Spanish conquistadors first spotted the city in 
1519. Led by Hernan Cortés, the Europeans were 
hungry for gold and using a large force, they 
captured the city and massacred the population. 
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DID YOU KNOW? In Greek mythology, Theseus killed the Minotaur with a sword and liberated the people of Knossos 


Heracleion 


This coastal city was once an affluent trading centre in the 
ancient Mediterranean. Previously believed to be only a legend, a 


Legendary 
lost cities 


recent discovery has shed light on the city’s history. Heracleion 

F] 0) of=¥-] goa KOM al-)V,oe) a exoms olel=lam-M aal-|iaMaeleinom ie) mdal-mue-[e(oMe) mele) (em-lale 
bronze between Egypt and Greece, but it likely perished around 
1,400 years ago due to rising sea levels. The now submerged site 
IgeyViete] exe Mantel a\yacielal;colamael arcemlarelUlellaremanleliu|®)(smexe) (es:t-] Moir. 10 [stop 




















Knossos 


aS See ee io a eee Atlantis 

Many of Heraclei artefa : ts. ar >. The legendary island city was a 
The glorious capital ofMinoanCretethat = | 
was lost in mysterious circumstances ee ean: ig the Atlantic Ocean. 
Dating as far back as the 3rd millennia BCE, palace was the home of King Minos, who kept 
Knossos is one of Europe’s oldest cities. The the Minotaur locked in the Labyrinth: amaze 
Minoans had a huge influence on trade across within the palace. 
the Aegean Sea, and were a skilled people who The Minoan civilisation was severely 
produced pottery as well using a hieroglyphic damaged by natural disaster in 1450 BCE and 
script of writing. Atthe centre of Knossosstooda then bytheinvasion of the Mycenaeans. With : 
grand palace, with thick wallsandeventuallya the exception of the palace, the city of Knossos Shambhala 
drainage system, which was built for both was lost, but influences of Minoan culture could The theory of a lost Himalayan 


kingdom was first popularised in 
the 16th century, and was 
thought to be a place of wisdom. 


splendour and defence. In Greek mythology the still be seen in early ancient Greek society. 


El Dorado 


iF) (<\sro)mr- er AVamaat-[e(omelmere)(e 

drove European adventurers 
(o (=\-) ola) ne meleleidaw.-\aal=)aler-Mlamaars 

iYo¥-] cova me) [averg\e|]e)(=mVVey-] 148 


ot = Fete. a 


aN iviVig 


oy med | ae) a 4 
Believed to be located deep in 
the Amazon, British explorer 
Percy Harrison Fawcett went 
aalsssiialemuavsiaremeemilacemaars 
mysterious city. 


Agartha 
This mythical subterranean city 
is believed to be situated deep 
ae : a #3 ~— within the Earth’s core, and only 
a Ves *S ane? ny es «3 a WE. 4 accessible via hidden entrances 
In 1900, a team of 32 diggers led by archaeologist, Sir er $ aa) tS on the Earth’s surface. 
Arthur Evans began excavations in Knossos | bi aa a } 


© Getty; Shutterstock; WIKI 
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World War Il 
alr-raid sirens 


How distinctive wails alerted the Allies to 
bombardments from above 





Smaller, portable 
sirens were powered 
by a hand-crank 


w ANN 
AW 


MN 
‘yyy 





Voy 
LLL 





\\. 
RY 
With 


Hn HH Ml 


wo distinct tones were sounded by 

air-raid sirens when the German 

Luftwaffe was inbound, and would begin 
blaring as soon as danger was sighted. Upon 
hearing the signal, civilians took cover from the 
impending bombardment in air-raid shelters. 
But some brave souls working for the war effort 
would remain exposed for longer, only 
sheltering when the enemy was directly 
overhead. Once the barrage ceased, asingle, 
continuous note sounded to announce that it 
was Safe to emerge from cover. 


Inside an siren 


How the siren atop New York’s RCA Building 
in the 1940s created an ear-splitting howl 





Power source 
The motor is 
powered by an 
engine that is 
connected via a 
drive shaft. 


Motor to rotor 

A motor powers the 
siren. It generates 
enough energy to spin 
the rotor blades at 
several thousand RPM. 


Delile late 
plagues 


Why did some medieval 
co)aaveslopevlalasne)asrste@nalre 
dance for weeks on end? 


nthe summer of 1518 in Strasbourg, France, a 

woman named Frau Troffea began to dance 

in the street. She eventually encouraged 
hundreds of people to jig along with her, but the 
people of Strasbourg weren't simply moving 
their feet to the sound of the medieval beat. 

In fact, it is thought that the dancing was 
induced by stress. The plague was preceded by 
terrible famine and disease, so the dancing 
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Airflow 
The rotor acts to 
create a vacuum, 
pulling air into the 
siren and 
compressing It. 
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wasn’t at all enjoyable; some of the dancers were 
even reported to have screamed, convulsed and 
writhed in agony as they moved. The authorities 
decided to construct stages and halls to allow 

id elemok-balecns) e)Col-vesblennekeeyalubalel-pmeeyeuelotcvelmeetcls 
the mass hysteria would eventually peter out. 
And some even paid for musicians and 
professional dancers to help maintain the 
surreal dance. 
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Changing pitch 

The frequency of the air 
being released by the holes 
or ‘throats’ is what changes 
the pitch of the sound. 


From air 

to sound 

Huge blasts of sound 
escape through the 
horns, earning this 
siren the description 
of “howler”. 


Chopper 
Air is cut into by 
the potruding 
metal, which 
creates variations 
in pressure that 
cause the noise. 
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believed to have 
fe FeTavexs\o mi xe) axe f= WAS 
despite their 
severe hunger 
late m= dar-lUiu lela 


Ultimately, their actions had the opposite 
effect, and the dancing continued until many 
died from sheer exhaustion. 

Jiutshadalo)bredelmaetsimaeteyolcve)e)(cauuciace-le)cmnoner.belas 
for such lengthy amounts of time because they 
had entered a trance-like state. Similar crazes 
had broken out sporadically in medieval Europe 
before, but the 1518 epidemic was the last serious 
outbreak, and remains something ofa mystery. 
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DID YOU KNOW? All sorts of bizarre images were drawn onto phenakistoscopes — such as women transforming into witches! 





Animation 
before film 


Some of the very first inventions that 
simulated movement by tricking our eyes 


advantage of spinning objects to whirl the 
images in front of our eyes. Some of these were 
more complex than others, but they were all 
based on the same principle. 

Today, children still make use of a similar toy 
— the flipbook. We've probably all flicked 
through the pages of one before, and seena 
cheetah ora car dash across the pages, and it’s 
interesting to think that very similar toys were 
being played with almost 200 years ago. 


—8 
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Ithough this may come asa surprise to 
some, animation was once a field 
dominated by mathematicians and 
physicists. Rather than attracting purely 
creative minds, logical brains developed these 
innovative contraptions — with many basing 
their research on the work of Michael Faraday 
and Sir Isaac Newton. 

The goal of these scientists and inventors was 
to create the illusion of motion, and they 
accomplished this goal in intelligent ways. All of 
their apparatus took advantage of the limits of | 
the human eye, which takes about one- 
hundredth ofa second to process a single image. 
If we see more than one image in that time, then 
to us, they seem to blend together with no 
interruptions. And it was this knowledge, and 
how to make use of it, which gave rise to the field 
of animation. 

By producing a collection of images that 
slightly differed from each other, and showing 
them to the human eye in quick succession, the 
image would appear to come alive and move. 
And to accomplish this, the inventors took 
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Early image projectors such as the magic lantern 
could be combined with animation tools 


The Zoetrope Producing the illusion of motion using revolving pictures 


‘ ' 
-_-7- 
' ' 








Images 

f Pictures depicting a 
scene in different phases 

é of movement are placed 

on the inside. 


Spinning 

The drum is spun to 
ensure that the user 
sees all of the pictures 
through the slit quickly. 


Viewing motion 
The rapidly moving 
pictures appear as an 


Scanning ibe 
animation to the user. 


The use of a slit 
prevents the static 
images from simply 
blurring together 
when viewed. 
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Phenakistoscopes 

This early invention worked by coating a spinning disc 
with a series of drawings depicting different phases 
of movement. Another disc with equally spaced slits 
around its axis, and a handle, would then be added. 
The user could spin the disc while facing a mirror, and 
by looking through the slits they would see the 
pictures blend into a seemingly moving image. 





Praxinoscopes 

The praxinoscope was invented in 1876. A series of 
stationary mirrors were attached to a central cylinder, 
and these were used to reflect images that had been 
painted on the inside of a larger cylinder revolving 
around them. This meant that multiple onlookers 
could enjoy the ‘moving picture’ in the centre. 











Thaumatropes 

A simple disc or piece of card was attached to two 
pieces of string, and on the front and reverse of the 
disc two different images were drawn. Twirling the 
card quickly by rolling the string in your fingers 
would make the images appear to merge together. 
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Polar dinosaurs 


Evidence shows that some dino’s survived cold, dark winters 


or along time both experts and the public 

believed dinosaurs only thrived in tropical 

regions. But imagine everyone’s surprise if 
the latest Jurassic Park movie had our heroes 
running around in thick winter coats fora 
change. It may seem unlikely, but our perception 
of dinosaurs is changing, as recent fossils have 
shown that dinosaurs also called much colder 
places home. 

One such chilly habitat was the landmass now 
known as Australia. Nowadays this region is far 
from cold, but 65-100 million years ago it was 
considerably further south, resting right next to 
the continent of Antarctica. 

So how did dinosaurs survive in these 
conditions? A previous theory suggested that 
they migrated to warmer climates as the coldest 
season descended. But this has now largely been 


Adapted for survival 


A diverse selection of dinosaurs were tough 
enough to survive the cold 


Air sacs 
Sacks of air were 


Built for speed 

The efficient breathing 
systems of theropods, such 
as velociraptors and other 
two-legged carnivores, 
helped to make them quick 
and deadly predators. 


and expanded and 
contracted by rib 
movement, which 
was effective when 
on the move. 


Lungs 

Theropods had a pair of 
lungs in addition to their 
supplementary air sacs, 
which were mainly used 
when at rest. 





O80 | How It Works 


attached to the spine 


Hollow vertebrate 
The air sacs of some 
dinosaurs extended to the 
sides of their necks. 


debunked; the ‘over-wintering’ theory, which 
involves dinosaurs either enduring the cold or 
tucking in for winter, is now in favour. 

Some of the smaller dinosaurs, in particular, 
are believed to have possibly burrowed into a 
den for winter hibernation - much like polar 
bears do today. But we know that this wasn’t the 
case for all prehistoric beasts. Analysis of polar 
dinosaur bones has shown that they grewall 
year round, which suggests that these animals 
did not spend months sleeping. 

Fortunately for these animals, the poles 
weren't quite as cold as they are today, but they 
did experience prolonged, dark winters. This 
made it difficult for plants to thrive, but some 
hardy vegetation could provide nourishment for 
herbivores, which in turn was good news for the 
carnivores, because they had more prey to hunt. 


Descendants 

Birds have the same ‘aerating 
lever bones’ as theropod 
dinosaurs, and so are believed 
to have inherited this efficient 
breathing system. 





The duck- 
s)iifetemel Flas 
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unearthed in a remote part of Alaska in 2015 is 
the furthest north a polar dinosaur has ever 
oXe\=) a Kel0l ale Ml ex-}(=1e) pike) (ole) oi eomexe) alii anatsvemaal is 
newly discovered species after studying a set 
of fossilised remains, and it displays distinct 
differences to its relatives found further south. 
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tackle the coarse forage. 

As well as its ability to devour the bountiful 
vegetation, the hadrosaur was able to endure 
aake)aldatcme)met-l a .dalsssiow-lalem-Me|ce)omiameclanlelsle-1dela> 
over winter - and perhaps even snow. These 
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polar dinosaurs, solidifying their reputation as 
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Limited stamina 
Most dinosaurs lacked 

the ability to travel long 
distances, so instead of 
migrating they had to 
adapt to the cold. 


—j 
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Nutritious 
Ginkgo, a hardy plant that 
grew in Antarctica, 
thrived even in the cold 
and was highly nutritious 
for polar dinosaurs. 
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? Plants in prehistoric Antarctic forests could photosynthesise for 24 hours a day during the polar summer 


























Limited sunlight = 
Some polar dinosaurs rr VW | el 
had enlarged optic lobes, 
which adapted their 
vision for long periods of cok KN 
winter darkness. peen able to ¢ 








Insulate 

A thick body of 
plumage would 
have kept the 
dinosaurs warm. 


Warm-blooded? 


If some dinosaurs could control 
their body temperature internally, 
rather than relying on the 
environment for heat, they would 
have endured the cold better. 


Fodder 


The poles were 
warmer during the 
Mesozoic era than 
today, so 
vegetation 
flourished during 
the summer. 


To learn more about the fascinating lives of = ick 
f these prehistoric beasts, pick up a copy of the 

Dinosaurs bookazine today. Available now from Key 
www.imagineshop.co.uk and ‘ 
www.greatdigitalmags.com 
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Burrowers 
Smaller dinosaurs may have 

hibernated or denned themselves 
in throughout the coldest periods. 
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all the rage in the early 1900s 


ta dinner party around 100 years ago, it 

wouldn't have been a peculiar sight to 

see a piano gently performing asolo all 
on its own. This wasn’t the work ofa 
harmonious poltergeist; player pianos had 
recently been established as fashionable 
pieces of musical equipment. 

The most popular of all of these was the 
pianola, which became so successful that the 
name was used to describe any player piano. 
The very first pianola could be attached to the 
front of any ordinary piano, and could be used 
to play any piece of music its owner desired. All 
they needed was the correct piano rollanda 
willing pair of legs to pump the pedals. 

Later pianola models looked just like regular 
pianos, with all of the clever automatic playing 
equipment stored on the inside. Now, anyone 
could take a seat at the piano and pump the 
pedals to activate the pneumatic system 
housed within. The keys would be pushed 
down and the notes would play, which meant 
even the most unskilled pianist could filla 
room with Mozart. 


© WIKI/sguastevi; Alamy 
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The pianola 


Pianos that played themselves were 







Inside a 
player piano 


Automatic playing took advantage 


of pneumatic, or gas-operated, 
machinery to recreate music 





Pneumatic action 
Each key is connected to a 
specific finger, which is 
triggered by the flow of air. 


Many pianolas had their 
automatic playing equipment 
neatly housed inside a typical 

piano casing 

















Music roll 

A long sheet of 
paper with many 
organised holes 
punched into it 
unfurls across 
the tracker bar. 


Tracker 
As the music roll 
moves across the 
tracker, air flows 
inside through 
the small holes. 


= 






| Control 
; The user can decide 
yj ~when to play or — 
rewind the music roll. be 










Keys 
The inflow of air causes 
a piston to move and 
strike the piano key, 
which is pressed down 
and forms a note. 









Pedals 

These are pumped to push 
air through the bellows. 
Harder pumping increases 
the tempo of the music. 


Bellows 

These are expanded and 
contracted by the pedals, and 
suck air from the hundreds of 
individual bellow fingers. 


Special offer for readers in North America :*: 
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Le aie a 
Because enquiring minds 
need to Know... 






MEET THE 
EXPERTS 


Who's answering your 
questions this month? 


Laura Mears 


Laura studied 
biomedical science 
at King’s College 
London and hasa 
master’s from 
Cambridge. She 
escaped the lab to pursue a career 
in science communication and also 
develops educational video games. 


POPC COSCO OEE EEE EEE ESET ESEOE EEE OODE SESE OEE LE OEET EEE EOEEEEOOS 


Alexandra Cheung 


Having earned 
degrees from the 
University of 
Nottingham and 
Imperial College 
London, Alex has 
worked at many prestigious 
institutions, including CERN, 
London’s Science Museum and the 
Institute of Physics. 



















» Tom isa historian of 

science at the British 
Library where he 
works on oral history 
projects. He recently 
published his first 
book, Electronic Dreams: How 
1980s Britain Learned To Love The 
Home Computer. 


Shanna describes 
herself as somebody 
who knows a little 
bit about a lot of 
different things. 
That’s what comes 
of writing about 
everything from space travel to 
how cheese is made. She finds 
that her job comes in very handy 
for taking part in quizzes! 


SOPOT SE EHOH SEE HOH EEE HOOSS EO EEOEEEESOE TOE HOOEE SEDO ESESEOEOES 


Having been a writer 
and editor fora 
number of years, 
_.' Howlt Works 
| A alumnus Jo has 
/ picked up plenty of 
A fascinating facts. 
She is particularly interested in 
natural world wonders, 
innovations in technology and 
adorable animals. 
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car engines? 


Rhian Moors 

™ The pistons ina car engine are attached to an axle, 
called the crankshaft, which turns around as the fuel 
ignites inside the cylinders. Ifthe crankshaft stops 
turning, the engine stalls. It can happen for a number 
of reasons, including a lack of air or fuel, or problems 
with the electric spark or the mechanical parts. A jet 
engine operates slightly differently, but it can stall just 
the same. 


What is the 
Bermuda Triangle? 


Ellie Hannigan 

™ There is no evidence to suggest that ship 
disappearances are more commoninthe 
Bermuda Triangle than anywhere else. The 
Triangle encompasses the water between 
Florida, Puerto Rico and Bermuda. Speculation 
that it played host to unexplained and possibly 
paranormal phenomena grew in the 1960s and 
early 1970s. Despite claims at the time that 
thousands of people had mysteriously vanished 
inside the Triangle, one investigation found that 
few of these reports were accurate, and that 
accidents in the area were no more frequent than 


other areas with similar amounts ofshipping.AC [aaa 


Can aircraft jet engines stall like 


Want answers? 


Send your questions to... 


@HowltWorksmag 


.comM 





tt engines can stall 
Nimaar-)ianael-lme)arclia 
supply is interrupted 


Rather than burning fuel to drive pistons, a jet 
constantly takes in air, compresses it with fuel, and 
ignites it to create a steady stream of exhaust. This then 
passes through turbines, making them spin. As witha 
car engine, ifthe air or fuel supply run short, or ifthe 
engine components fail, the engine can stop turning. 
For example, if debris or a bird were to find their way 
into the engine, the airflow can be disrupted, causing a 
compressor stall and a momentary drop in power. LM 
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Peter McKinnon 

_ The average speed ofa hovercraft is 56 kilometres 
per hour, although some can travel faster than 130 
kilometres per hour. Their maximum speed is 
affected by two main factors: terrain and weather. 
The smoother the surface the craft is travelling over, 








What Is a marsupial? 


Kendra Leicester 

Marsupials are mammals that have 
amarsupium, or pouch, for their young. 
They need this pouch because female 
marsupials do not have a placenta, the 
spongy organ that transfers nutrients 
to the baby. This means that their 
gestational period is very short and their 
babies are born undeveloped, often still 
resembling an embryo. As soon as it is 
born, the baby will crawl to the mother’s 
pouch to feed on milk from her nipples, 
getting the nutrients it needs to grow. 
Because the nipples swell in its mouth, the 
baby will only be able to detach and leave 
the pouch once it is fully developed. JS 
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A WORLD OF 
INFORMATION 


IMPERIAL r8 
DEATH STAR i 


Owner's Workshop Manual 


The hovercraft World 
Speed Record is 137.4 
kilometres per hour 


the faster it will be able to go, as there is less friction 
to slow it down. Therefore, it can travel faster on ice 
and smooth water than it can on rough water or 
grass. Ifthe hovercraft is facing a headwind, this can 
also slow it down as the wind increases drag, 
reducing its forward momentum. JS 


How does memory e 
foam work? FAN, \ 


> el 


Mick Robinson ) : 
Memory foam is a viscoelastic substance, | 
which means that it deforms easily, but then 
returns very slowly to its original shape. It is 
made by injecting gas into a flexible polymer 
matrix, creating many tiny bubbles that can 
shift around and reorganise themselves 
when pressure is applied. Heat also makes 
the foam more malleable, meaning that it can 
mould around the contours of a human body, 
supporting a person’s weight evenly across 
its surface. Originally developed by NASA to 
cushion the seats in spacecraft, memory foam 
is now found in a wide variety of products, 
from mattresses and pillows to shoe insoles 
and helmets. AC 
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Jenna Rowland 

If you're not a fan of touchscreen keypads, and don’t 
want to carry a portable keyboard for your smartphone 
or tablet, then a laser keyboard might be what you 
need. Inside these chewing gum packet-sized devices, 
ared diode laser shines through a diffractive optical 
element featuring an image ofa QWERTY keyboard. A 
set of optical lenses then enlarges the keyboard image 
and projects it onto any flat, non-reflective surface. Just 


Siberian tigers stick out 
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Can Siberian 
In the snow? 


leT=Te)cef=wolaalian| 
_ Siberian, or Amur, tigers live in the mountains 
of eastern Russia and northern China. In this 


-" 
tl 


ol abi U hia er-bameyanetcanveyalcomael-wcaaelubelcmecbemel=) 
blanketed with snow, and you might think that 
idalepabicim.baleme) (lel cesiuelel=se)mnelaciono)feaerclecmny(eleilel 
stick out like a sore thumb, but they don't. 
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Laser keyboards save space 
MVAali Kem antldlaremayd e)iaremet-boi(-10 


How do laser keyboards work? 


millimetres above the keyboard is an invisible thin 
plane of infrared light that runs parallel to the flat 
surface. As you type, your fingers pass through this 
infrared light, anda complimentary metal-oxide 
semiconductor (CMOS) inside the device records their 
position. Asensor chip called a virtual interface 
processing core then analyses this information to work 
out which keys you were trying to press, then notifies 
your device via a USB cable or Bluetooth connection. JS 
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amouflage@™ 


ao 


siberian tigers don't live out on the tundra — their 
prey cannotsurvive in empty, snow-covered 
wastes - instead, they inhabit forests and 
mountains. Inthe dappled light of the trees, and 
between brown rocks and stripes of snow, their 
coloured pelts help to break up their outline, 
KceYejoybatemmalcveementolel-vemeqevesmutcanva ai 





WWW.HOWITWORKSDAILY.COM 


The most sophisticated chatbots use artificial intelligence 
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What ts a chatbot? 


Kevin James 

Chatbots are computer programmes that you can have a conversation 
with, either through text or speech. A basic chatbot might just answer 
questions, like the ones used by websites for customer queries. Often 
based on pre-programmed rules, they recognise keywords in your 
question and find a match with the best answer they have stored in their 
database. Advanced chatbots, like Apple’s Siri, are far smarter, using 
artificial intelligence techniques to understand your questions and 
generate unique responses as required. They can even make small talk, 
and as their technology develops, they could become common in online 
shopping and household smart appliances. TL 


Why do only some 
countries drive on the 
left-hand side? 


Melody Smith 

When roads were first used, it didn’t really 
matter which side of the road you chose, but 
customs gradually appeared. Horsemen might 
have preferred the left, facing their right-handed 
sword arm into the centre of the road, while 
wagon riders are thought to have preferred to 
keep right, because they whipped their horses 
with their right hands and didn’t want to 
accidentally whip oncoming traffic. Different 
preferences became entrenched in different 
parts of the world, and when Henry Ford 
produced his first mass-market vehicles, he put 
the driver on the left. Right-sided road-use is 
now the norm, but in Britain and many ofits 
former colonies, they still drive on the left. LM 
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to sleep? 


Lauren Malcolm 
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Freeze-dried strawberries 
can taste fresh for years 





Can counting sheep 
really help you get off 


BRAIN DUMP 





SaaS. " * “eas. 
What would happen > 

if everyone turned b> Pekok uct 
vegetarian? re 

Alek Barzan 


Meat production has a huge impact 
on the climate. About 70 per cent ofall 
agricultural land is used for livestock, 
which produce greenhouse gases. A 
vegetarian world would mean more 
space for forests and crop-growing, 
stemming climate change and 
encouraging biodiversity. The health 
benefits would reduce mortality rates 
and result in cheaper medical bills. 
However, many livelihoods depend on 
livestock, and undernourished 
populations would struggle to consume 


a healthy amount of calories. SB - 


>, How does freeze- 
we dried food work? 


lan Gallagher 

Freeze drying is often used to preserve 
food. It begins by freezing food so quickly 
that large ice crystals (which would 
damage the food and give it a soggy 
texture) don’t have time to form. The 
freezing also preserves the nutrients of the 
fresh food. Next the frozen food is dried by 
warming it slightly at low pressure, so that 
ice in the food sublimes straight into 
gaseous water vapour instead of melting 
into liquid. This vapour is then sucked 
away, gradually drying the food before it’s 
sealed in packaging. The micro-organisms 
that spoil food need water, but because 
there’s so little water left, freeze dried food 
can stay fresh for over 20 years. TL 












If you’re struggling to sleep, 
Taateleliarcwemteslarelellmucclkslarell| 
or relaxing holiday rather 
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The boredom of imagining an infinite number 
of sheep jumping over a fence is said to aid 
insomnia and speed up the process of falling 
asleep. However, its mundanity has led 
researchers at Oxford University to suggest it is 
not effective. They claim it takes longer to fall 
asleep if we count sheep than if we don’t, and 
that imagining a relaxing scene takes up more 
brain power and is therefore more effective. SB 





How It Works | 087 


© Thinkstock; Shutterstock 


Can wearing glasses if you 
do not need them actually 
‘weaken’ your eyes? 


Chloe Baekelandt 
It depends. For adults, wearing glasses you don’t need or wearing the wrong 

glasses is not thought to damage your eyes, but it is still not advisable as it 
means that your eyes have to work harder and you might suffer eyestrain, 
headaches and other problems as a result. However, wearing the wrong 
glasses or unnecessary glasses can cause lasting damage to the eyes of 

children, as their vision is still developing as they grow up. For example, 

Just a few drops ; . P : a ae 
At waves § presenting children’s eyes with specialised eyewear for conditions such as 
SS § = amblyopia (lazy eye) can exert more changes over the eye. TL 
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Why does melted chocolate cis poset 
sometimes ‘seize up’? 4 . 
a ‘ 3 

Nikki Clarins 

If molten chocolate comes into contact with water, tiny droplets of sugar 
syrup form, separating from the chocolate’s fats and creating a stiff, grainy 
texture. Chocolate is asuspension of solid cocoa particles dispersed in fat 
(cocoa butter), to which sugar, and (for milk chocolate) milk protein are 
added. When cocoa beans are refined to make cocoa butter and solids, the 
water they contain is expelled, leaving a dry substance. The cocoa butter is 
water repellant (hydrophobic), while the sugar behaves in completely the 
opposite way (hydrophilic). When water is introduced, it first forms 
droplets as it doesn’t mix with the fat. The sugar meanwhile, does mix with 
the water, wetting the sugar crystals, which causes them to cling together. 
The end result is a clumpy, inhomogeneous mixture. To avoid this when 
melting chocolate, make sure your cooking equipment is fully dry. AC 


Why do babies blink less than adults? 


Jenny Vaughan 

While adults typically blink ten to 15 times per 
minute, an infant’s average blink rate is less than 
two times per minute. However, no one really 
knows why. Blinking is your body’s method of 
lubricating your eyes, as each time you blink 
your eyelids spread oil and mucus over them. It’s 
believed that babies may need to do this less 
often than adults for two reasons. One is that 
their eyelid openings are smaller, exposing less 
of the eye to the dry air. Another is that they sleep 
more, giving the eyes less time to dry out. JS 
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Kennedy’sfon-screen 
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have contributed to his 
eventual victory 


When was the first US 
presidential debate? 


Kelly Patterson 

The first US general election presidential 
debate took place on 26 September 1960, and 
saw John F Kennedy, the Democratic nominee, 
facing Republican nominee Richard Nixon. AC 
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Smita Rone * ‘ ~ eels Se 
Flowing from the Andes Mouniainsi in, Peru 
through Brazil to the Atlantic Ocean, the | 
Amazon is the second longest river in the 
world at approximately 6,400 kilometres in 
length. Although it’s not as long as the Nile in 
Africa, it contains more water than any other 
river on the planet. In fact, it contains more 


How does a 
theremin work? 


Phil Danes 
™ Atheremin PA tronic musical 
instrument, played without physical contact 
bya musician waving their hands around its 
two antenna. The antennae are each 
connected to a different electric circuit-one 
controls volume, the other controls pitch 

— which are also connected to a loudspeaker. 
Each antenna acts as half ofan electric 
capacitor, a device that stores electric charge 
— the other halfis the musician’s hand. As the 
hand moves closer or further from the 
antennae, the electric charge changes, 
altering the pitch or the volume of the sound 
and allowing the musician to play this eerie 
sounding instrument. TL 


Do sweeteners raise your 


blood sugar levels? 


Sarah Corbin 


™ Sweeteners try to replicate the taste of sugar without the energy spike. 

Some sweeteners, like xylitol and sorbitol, do raise your blood sugar a little - a 
these are known as ‘nutritive’ sweeteners. But artificial sweeteners, like 

aspartame, are different - they can’t be used as fuel and don't affect blood 

sugar directly. However, there is some research to suggest that artificial 

sweeteners could have an indirect effect. They are thought to change the 


.! water than several of the world's largest rivers. 
~ combined! On. average, ‘the Amazon: 


discharges EVoyovaeyenestclilnrrelenolelonebloyte 
metres of water into the Atlantic Ocean every 
second. As a result, this mighty river carries 
approximately 20 per cent ofallthe 
freshwater discharge into the oceans ofall the 
MAYO) 0 COB AUS) BSH) =) 





















An early theremin 
being played by its 
Russian inventor, 
Léon Theremin 


Nutritive sweeteners 
still contain some 
calories. Artificial 
sweeteners do not 


types of bacteria living in the gut, which may have an impact on your ability to —t, 
control blood sugar. More research needs to be done before a link is made. LM 
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How did the days 
of the week cget 
their names 


Naomi Gale 

™ The Greeks named the days of the week 
after the Sun, the Moon and the five 
known planets at the time, which were 
named after the gods Ares, Hermes, Zeus, 
Aphrodite and Cronus. The Romans then 
substituted the Greek deities with their 
equivalent gods: Mars, Mercury, Jove 
(Jupiter), Venus and Saturn. Later, the 
Germanic people substituted all of these 
gods except Saturn with Tiu (Twia), 
Woden, Thor and Freya (Fria). So, the Sun’s 
day became Sunday, the Moon's day 
became Monday, Tiu’s day became 
Tuesday, Woden’s day became 
Wednesday, Thor’s day became Thursday, 
Freya’s day became Friday and Saturn's 
day became Saturday. SB 








The names of the days of the week evolved 
throughout ancient history 
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365 Things 





To Do 





With LEGO 





Bricks 


Build anew LEGO creation 
every day fora year! 


Author: Simon Hugo 
Publisher: DK 

Price: £16.99 / $24.99 
Release date: Out now 


EGO lets your imagination run wild, and 

it’s no surprise that it was voted the 

greatest toy of all time. Whether you're 
following instructions in a specific set to create 
an amazing construction, or just making it up 
as you go along, getting creative with LEGO is 
great fun. This book aims to inspire readers to 
create some more unique things, by 
challenging you to complete a task inaset time 
using the timer on the front cover. 

It’s really simple to use - you can set the 
device to randomly pick a number between one 
and 365. You can then flick through the book 
to find what it has told you to make, and from 
there you can start a stopwatch to see how long 
a build takes, or challenge yourself to complete 
it in a certain number of minutes. It works well, 


and it’s perfect if you can’t decide what to make. 


The builds themselves are extremely varied — 
you can make everything from a drinks coaster 
puzzle to a full-on LEGO magic show. The 
builds are split into categories, like ‘one-player 
games’ and ‘tricks and pranks’, which mean 
you can find the perfect builds quickly from the 
contents page. The numbering system is a little 
confusing at first, but you'll soon be flicking 
back and forth like a pro. 

The builds are mostly quite simple, meaning 
anyone will be able to have a go. They’re rated 
based on time, so you know roughly how long 
each one will take, and a section at the front of 
the book gives you advice depending on what 
you want to construct and the number of bricks 
you have available. 
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However, this book is not without its 
problems, the key one being the lack of detail 
used to explain the more complex builds. Even 
the biggest builds only take up two pages of the 
book, so the fine details are left out. As a result, 
some of the builds involve a lot of guesswork, 





and while it’s fun to experiment, a few more 
instructions would be helpful. Still, this is only 
a small obstacle, and one that certainly won't 
bother true master builders. 
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13 Journeys 
Through Space 
And Time 


Christmas Lectures from 
the Royal Institution 


Author: Colin Stuart 

Publisher: Michael O’Mara Books Limited 

Price: £12.99 (approx $16.50) 

Release date: Out now 
Astronaut Tim 
Peake explains in 
the foreword of this 
book that the 
world-famous 
Christmas Lectures 
all began with 
scientist Michael 
Faraday seeking to 
educate young 
minds about the 
wonders of science. 

He certainly succeeded, as world- 
renowned scientists have been 
captivating audiences at this annual 
event for almost 200 years. Colin Stuart 
has now compiled 13 of the most 
engaging lectures ever presented 
through transcripts, photographs and 
handwritten notes. 

While no substitute for the real thing, 
the use of imagery, quotes and further 
explanations from the author recreate 
these tales of space and time admirably. 


The Stars 


A definitive visual guide to 
the cosmos 


Author: Maggie Aderin-Pocock MBE 
Publisher: DK 

Price: £20.00 / $30 

Release date: Out now 


There's much to admire about this book. 
Authored bya collection of experts and 
brilliantly illustrated with enticing 
diagrams and images, the two aspects 
come together to educate us on all things 
stars while remaining easy to follow. The 
first and last sections, which focus on our 
Solar System and the cosmos that 
surrounds it, are particularly engaging. 
The majority of the book, however, is 
dedicated to the constellations in our night 
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Science And 
The City 


The mechanics behind 
the metropolis 


Author: Laurie Winkless 

Publisher: Bloomsbury 

Price: £12.99 / $27 

Release date: Out now 
It’s easy to take modern city living for 
granted. In Earth’s biggest cities, 
millions of us scurry around on 


underground rail networks, emerging 


into a land of skyscrapers filled with 
people working and communicating 
with others across the globe. 

In Science And The City, Winkless 
deconstructs these fantastic feats of 
science and engineering into 


individual blocks, providing a guide to 


building a modern metropolis. 

Those witha curious mind will relish 
this book and enjoy its chatty and 
inclusive style. 


sky. This section in particular may be more 
applicable as a reference tool, yet you may 
find yourself a much bigger fan of 
astronomy after you've finished reading 
nonetheless - which surely, can only bea 
good thing. 


BOOK REVIEWS 
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LEDGE MAGAZINE FOR LESS WHEN YOU SUBSCRIBE! 


Every issue 
packed with... 


Fascinating facts and mind-blowing science and tech 
Incredible photos and illustrations 
Insightful features and reviews of the latest gadgets 


Your questions answered 


Why you should 
subscribe... 


Save up to 36% off the single issue price 
Immediate delivery to your device 
Never miss an issue 


Available across a wide range 
of digital devices 
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HOW TO... 


Practical projects to try at home 





Make a compass 


Learn how to find your way north using simple 
household objects and the power of magnetism 





Assemble your tools 

For this navigational experiment we'll firstly 
need a sewing needle, which is going to become 
the point of our compass. We'll also needa dish, 
water, some sticky tack or glue, a permanent 
marker pen anda magnet. A bar magnet will work 
best, but you can use a fridge magnet instead if 
you can't find one. A piece of stainless steel cutlery 
may work as well. 





= 


Add to water 

Take your dish and add water to a depth of 
approximately two or three centimetres. Next, 
carefully place your compass on the water. Asa 
liquid, water is an excellent choice for a low- 
friction surface. Ifthe Earth’s magnetic field was 
stronger the needle could move ona solid surface, 
but when sat on water the needle will face little 
resistance when turning towards the poles. 
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Magnetise the needle 

Colour one end of your needle using the 
marker pen; this will help distinguish between 
north and south later. Next, magnetise the 
uncoloured end of the needle by stroking your 


magnet in one direction across the surface. Make 
sure to lift the magnet away with each newstroke. 


Ifyou’re using a bar magnet, you can choose 
which way the uncoloured end will point. 


Find your orientation 

As the water settles the needle will begin to 
turn and face the poles. Try gently spinning the 
compass; you should notice that the needle soon 
realigns itself to face the same direction as it did 
before you span it, just like any other compass. If 
you have areal compass orasmartphone witha 
compass app handy, you can now check to see 
which side of your needle is pointing north. 


Get in touch 


Want to see your ideas on this page? Send them to... 
fF ) How It Works magazine © @HowltWorksmag 


© howitworks@futurenet.com 





Attach a float 

Now you've got yourself a magnetic needle, 
but it won't be able to rotate towards north or 
south until you place it on a surface where there’s 
little friction; so the next task is to build one. Take 
the plastic bottle cap and place it upside-down on 
your work surface, then use the sticky tack or glue 
to securely attach the needle to the rim ofthe 
bottle cap. 


"As the water settles 
the needle will begin 
to turn and face 
the poles” 


In summary... 

Metals that needles are made from - such 
as iron, nickel and cobalt - all have 
magnetic areas called domains. These 
usually point in different directions, but 


when exposed to a strong magnetic field 
id alcyiaersbame)aCsvinvacUorcaem-balemorcree)ents 
magnetic. The needle then tries to line up 
with the Earth’s magnetosphere, which is 
created by our planet’s molten iron core. 
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Disclaimer: Neither Future Publishing nor its employees can accept liability 
for any adverse effects experienced after carrying out these projects. 
Always take care when handling potentially hazardous equipment or when 
working with electronics and follow the manufacturer’s instructions. 
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Build a rocket 


Send your creation blasting into the skies 
with asimple chemical reaction 





Construct your frame Prepare your fuel Blast off! 

For a successful launch we'll need an empty Fill your rocket with vinegar to around You're almost ready for lift-off! Make sure 
plastic bottle that holds about 500 millilitres, its three-quarters full, then carefully move it to one your launch pad is outside -in an area where a bit 
bottle cap ora piece of cork, three pencils, tape,a __ side. Next, laya paper towel flatonaworksurface ofmessisokay-and that you’re working under 
paper towel, afunnel,atablespoon,bakingsoda §andaddaheaped tablespoon of baking soda to adult supervision. Now add your roll of baking 
and vinegar. First, tape the pencils to the bottle, the centre. Spread the powder out a little then, soda to the bottle filled with vinegar and quickly 
ensuring the ends are bound a few centimetres starting from one side, foldthe papertowelintoa seal the hole witha cork or the bottle cap. Shake 
higher than the bottle top. This will support the narrow roll. Carefully twist the ends ofthe roll to the rocket, flip it upside-down and place it on your 
rocket when it’s turned upside-down. seal the baking soda tightly inside. launch pad, then take cover and wait for blast off! 


“Flip tt upside-down 
and place it on the 
launch pad, then 
take cover” 










In motion Building ideas 
The kit includes an There are instructions 
electric motor to for three different rides, 
power your rides. but you can also create 
your own with the 744 


classic K’nex parts. 





WIN! 


A K’nex 3-in-1 Classic Amusement 
Park building set worth £49.99 


Construct your own theme park attractions with this classic K’nex 
kit. Build a Ferris wheel complete with an electric motor so it 
moves like the real thing, plus a swing ride and a boom ride. The 
set comes complete with easy to follow step-by-step instructions 
for each amusement, and is suitable for ages nine and up. 





What is the name for the art of 
recreating sound effects for film and TV? 


a) Foley b) Holey moley c) Roly poly 
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Want to see your letters on this page? Send them to... 
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Dear HIW, 


My brothers and | love your magazines - we get them 
delivered (a magazine each) all the way to New Zealand! 

| love astronomy and the science around it, so because of 
this, | was watching a documentary on the future of 
space exploration, and it mentioned new rocket types 
and something called plasma. That led me to ask, what is 
plasma and how does a plasma rocket system work? 

My brothers and | would love to hear from the team, 
clearing the air on these new rockets. 

Yours faithfully, 

Mitchell (12), Callum (14) and Ethan Bowmar (16) 


Hello from the UK! And thanks for the question. 
Plasma is actually the most common 


Plasma rockets 


howitworks@futurenet.com 





gases! We refer to matter as plasma when gases 
become ionised, which happens when the atoms 
split into separate charged subatomic particles: 
positively charged protons and negatively 
charged electrons. 

Plasma is different from gas because it 
conducts electricity and interacts with magnetic 
forces. These features are what we’re interested 
in when we want to build a powerful engine. 
Plasma engines - or ion thrusters - create ions 
by separating electrons from atoms. Inside the 
engine, strong magnets regulate the ionising 
process, and the created ions travel through a 
series of charged grids. The final grid is highly 
negatively charged and pulls the positive ions 





1 EATEN TTT PNM = 


fundamental state of matter in the universe - 
there’s more of it around than solids, liquids and 


What's happening on... 


Twitter? 


Make sure you follow us 
@HowltWorksmag for 
amazing facts, competitions 
and the latest in science & tech! 


F @BrynLucas 
Go on, ask me anything! | now have the 
power thanks to @HowltWorksmag 


F (Gilels\-Vrdhc)e\e, 

Why cheetahs don’t roar. Great article 
about Big Cats in issue 92 of 
@HowltWorksmag 


F @ivialcelela) 
@HowltWorksmag Happy birthday! 


F Gl Noley=larevlealewsisy-s 
@HowltWorksmag Brought issue 90 
‘o) al are) (ef=\VAm0] a8) gis{-1e Brom a=y-(e r=] 0100] mual=) 
Bamburgh sword, so had to visit! 

$= ere) alel(e(=)8(ex2) 


F @dgillyt202 

@HowltWorksmag Hi guys, just to say 
thank you for my prize | won with you 
recently! This book is great!! 


F @angepl969 


@HowltWorksmag :) we love your 
work! 
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Making gold 
Dear HIW, 


| read lots of different articles that mention 
the ways of changing lead into gold, and 
one of them mentioned that the Russians 
successfully changed lead into gold by 
using lead as a protection cover in a 
nuclear power plant. Is this possible? 
Panzer Doge 


It’s possible to turn lead into gold, 
but it’s not common practice as the 
cost of the engineering process 
would outweigh the gold’s value. 
All elements are distinguished by 
the amount of protons they have in 
their nuclei. Gold has 79 and lead 
has 82, so to change lead into gold 


towards it at speed. The positive ions are then 
ejected out of the thruster as an ion beam. 





you’d need to remove three protons. 
This is a difficult task because lead 
is a stable element, but during a 
nuclear reaction there are lots of 
energised particles available. These 
are capable of knocking protons 
from lead, and are the reason gold 
was found at a Soviet nuclear 
research facility in the 1970s. 





Lead can be changed into gold by 
removing three protons from its nucleus 


The singularity 


Ever since my first How It Works | have 
loved the magazine. | have been reading 
about the history of the universe lately. A 
lot of what | was reading had information 
about black holes, which made me 
wonder. All the matter that goes into them 
is crushed by gravity, which | know, but it 
cannot be crushed into nothing, can it? So 
my question is: what is at the bottom of a 
black hole? 

Thanks, 

Olly Perry 


You’re right to say it can’t be 
crushed into nothing - it’s more the 
opposite. Everything with mass 
bends space-time - the heavier the 
mass, the more space-time bends. 
At a black hole’s centre - the 
‘singularity’ - the mass is so heavy 
space-time bends infinitely. This 
means there may be no sense of 
time, with everything crushed into a 
black hole that stretches on forever. 





Plasma engines create thrust by propelling 
(ol a= ]ae[=1e B10] 6y-1 00) a allem oy-) au (oil=\-mice)anmual-M-)alellal= 


Big explosions 
Dear HIW, 


Your magazine is by far the best | have 
ever read because it covers all areas of 
science. | have a question for you: how 
much force would be created if all of the 
francium in the world was dropped into the 
sea? What would happen to the world? 
Ollie Carroll (aged 12) 


You'd think francium would have a 
devastating effect if dropped into 
the sea. It’s the most volatile 
element of the alkali metals, a group 
that causes explosions in water 
because they’re eager to give away 
an electron. However, francium is 
unstable and decays in minutes, so 
there’s hardly any of it on Earth at 
any one time. So, to answer your 
question, there’d be a big splash, but 
no large-scale damage. 


Tie 
There is thought to be less than 30g of 
ig] arere [pam amuatsmviale)(oMe)maalom ot-1ane bs 
crust at any one time 
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FAST FACTS 


Amazing trivia to blow your mind 





Anglo-Saxons called January the ‘wolf | 93% OF AMERICANS 
month’, as this was when the canine EAT PIZZA AT 
was seen most in England _LEAST ONCE A MONTH 
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| ‘Sega Tous Planetarium Homestar Original 








Imagine enjoying the sky full of stars while sitting 
on your sofa. This dream can become reality with 
the Homestar Original from Sega Toys. The high 
definition planetarium with the ultra-bright 3 watt 
LED and its rotating movement projects the night 
sky throughout the year. Two interchangeable 


disks containing the fixed stars in the northern 





hemisphere will enable you to observe the night 
sky or the map of constellations. And with the 
integrated “shooting star’ function you can help 
your dreams come true even quicker. Projection 
angle and focus are adjustable. The handy timer 
lets you fall asleep while gazing at the stars, 


turning off the planetarium automatically. 


www.segatous.spa 
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